Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



/ 



ASTRONOMICAL 



TABLES AND FORMULAE. 



ASTRONOMICAL 



TABLES AND FORMULAE 



TOGETHER WITH A VARIETY OF 



PROBLEMS 



EXPLANATORY OF THEIR USE AND APPLICATION. 



TO WHICH ARE PREFIXED 



THE 

ELEMENTS of the SOLAR SYSTEM. 



By FRANCIS DAILY, Esa. 

F.R.S. L.S. andG.S. M.R.I.A. 

AND PRESIDENT OF THE ASTRONOMICAL SOCIETY OF LONDON. 



<:^^]\J'mi:\'}: 



LONDON: 



SOLD BY JOHN RICHARDSON, ROYAL EXCHANGE. 

1827. 



PRINTED BY RICIfARO TAYLOR, 
SIIOR-LAMB, LONDON. 



• •• 



• •• • 



• • • 



• IP » 



^i w ^ 






PREFACE. 



The present collection of Tables and Formula 
is a part only of a more numerous collection which 
I had formed and originally designed for my own 
use, with a view to save time and trouble in the 
various astronomical computations and researches 
in which I have occasionally indulged ; but with- 
out any view to their publication. 

I found that many valuable Tables^ of almost 
daily use in an active observatory, and which have 
been published from time to time by various au- 
thors, were to be met with only in works printed 
on the Continent, of considerable expense and not 
easily accessible ; and that others were so scattered 
about in different publications, as to make it very 
troublesome to refer to them at the moment they 
were wanted. The whole of the Tables which 
I have here selected from such works, have been 
either re-computed, or carefully examined by means 
of differences : the rest are entirely new. 
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In the selection of the Formukdy I have been- 
guided more by their fitness for computation, than 
by their elegance : and have always adopted those 
which, after repeated trials, I have found to lead to 
the practical solution of the problem with the least 
expense of time and labour. Most of these For- 
mulae will be found in the works of other writers : 
but, it is too well known that in referring to different 
authors for a Formula, the reader is frequently 
distracted with a confusion of symbols, the values 
of which can only be obtained by a reference to 
other parts of the work : and, when obtained, may 
be found to be denoted diflferently by the authors 
whose writings form the subject of comparison. In 
order to prevent any confusion of this kind, I have 
changed the characters, used in the original For- 
mulae, into such as will, in most cases, more readily 
denote the quantities used in the solution of the 
problem. And, to remove every possibility of mis- 
take or confusion on this point, I have inserted, at 
the bottom of each page, the quantities which are 
denoted by every symbol made use of in the given 
Formula. 

The Elements of the System are taken, for the 
most part, from the . Systkme du Monde of M. La- 
place (5th edition, 1824): but with additions from 
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other modem authors who have made certain 
branches of the science their more particular study. 
I have frequently experienced the want of a synopsis 
of this kind ; where all the diflPerent facts relative to 
astronomy are brought under their respective heads, 
without the necessity of turning to a variety of 
works for information. Much time is frequently 
employed, iand oftentimes wholly lost, in a research 
of this kind, which it is the object of the present 
abstract to prevent. 

At the end of the work I have inserted a set of 
Problems with a view to introduce a few Examples 
of the use and application of some of the Formulae 
and Tables, which may appear to be more in need 
of a practical explanation. And here it may be 
proper to allude to a new method of employing the 
signs^ when annexed to the logarithms of the quan- 
tities under computation : a method which will be 
found to be very convenient and useful in the arith- 
metical solution of algebraical formulae. The sign 
therefore prefixed to a logarithm in this work, is in- 
tended to affect only the natural number of such 
logarithm : for, in all cases, the logarithms them- 
selves are to be added together or subtracted from 
each other (according to the conditions of the 
problem) exactly the same as if no such signs were 
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annexed. With respect to the signs themselves, it 
must be observed that the addition of two like 
signs produces a positive natural number, and the 
addition of two unlike signs produces a negative 
natural number. Thus, in page 227, the natural 
number of the first sum of logarithms is plus^ be- 
cause the two negative signs produce a positive 
result: on the contrary, the natural number of the 
second sum in that page is minuSj because there is 
only one negative sign. In complex trigonometri- 
cal computations the method is still more conve- 
nient and concise, and renders the result much less 
ambiguous; as will appear from the arithmetical 
operations in page 263. 

Upon the whole, it is hoped that the present 
work will not be without its utility. I am aware 
that it might have been rendered much more ex- 
tensive : but it would then have lost many advan- 
tages which attach to a small and portable volume ; 
such as may be convenient to the intelligent and 
scientifib traveller,, and not the less useful in the 
observatory. Those who are desirous of possessing 
a more comprehensive set of Astronomical Tables, 
and more numerous and valuable than any that 
have ever yet appeared in this country, will pro- 
cure the first volume of Practical Astronomy re- 
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• 

cently published by the Rev. Dr. Pearson : where 
they will fiAd many Tables that do not come within 
the' design and intention of the present 'v^^rk. .Foi^ 
I haVe in all :csukes avoided ^uch' Tables; as iare 
necessarily formed cm the principle of dxmble entiry.t 
and^likewise.ihose which are merely local \ such as 
Tables of parallaJt? &c. When problems involving 
quantities of this kind come before the computer, 
he must either have . recourse to the Formulae, or 
refer to such larger collections of Tables. The pref- 
sent work is intended as a Manual only: and 
aspires to no further merit thaii accuracy, utility 
and convenience may fairly lay claim to. 

I have remarked in a former work that, in all 
astronomical calculations, in which the sexagesimal 
notation is so much involved, the computer will find 
considerable assistance in the use of Callefs Tables 
portatives de logarithmes : since, by the help of two 
additional collateral columns given in that work, 
the computation of any quantities composed of sea^a- 
gesimals becomes, without any reduction, as easy 
and familiar as those which are formed according 
to the usual decimal notation. I am now happy in 
being able to state that a new Table of Logarithms 
of the natural numbers is about to appear in this 
country, agreeably to the above arrangement ; with 
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the additional advantage and convenience of having 
a mark attached to the last figure when it exceeds 5 : 
whereby the table will be rendered more extensive 
and correct. This valuable addition to our list of 
mathematical Tables was suggested by Lieutenant 
Colonel Colby, for the use of the Trigonometrical 
Survey ; and was immediately adopted and put in 
execution by Mr. Babbage: who has, with great 
care and diligence, examined and compared all the 
preceding works on this subject : and under whose 
able and active superintendence the work is now 
printing, in stereotype and on coloured paper. 

Jammry 1, 1827. 



*^* The reader is requested to make the correc- 
tions, pointed out in the list of Errata at the end, 
previous to a perusal of the work. And the Author 
will be obliged by the communication of any other 
errors that may have escaped his detection. 



TABLE OF CONTENTS. 



Elements of the System 

Sun page 3 

Planets 6 

Mercury • 9 

Venus • 13 

Earth 16 

Mars 28 

Vesta 31 

Juno 32 

Ceres 33 

Pallas 341 

Jupiter 35 

Saturn 38 

Uranus 41 

Satellites 43 

Moon 44 

Satellites of Jupiter 55 

Satellites of Saturn 58 

Ring of Saturn 59 

Satellites of Uranus 61 

Recapitulation 62 

b2 



•♦ 



xii Contents. 

FoRMULiB 

1 Equivalent expressions for sin « p^^ 71 

2 --^--^--— ^— — — COS* 72 

3 tanx 73 

4 Relative to two arcs A and B 74 

5 Differences of trigonometrical lines • • 76 

6 Differentials of do. do 76 

7 General analytical expressions for the sides and angles 

of any spherical triangle 77 

8 Solutions ofthe cases ofr^AZ-angled spherical triangles 78 

9 ■ of o&/t^rue-angled do. 79 

10 Trigonometrical series 84 

1 1 Multiple arcs 85 

12 For computing the Longitude, Right Ascension and 

Declination of the sun ; and the Angle of Position • 86 

13 For computing the Longitude and Latitude, Right 

Ascension and Declination of the moon or a star ; 

and the Angle of Position 87 

1 4 For computing the Altitude and Azimuth of a heavenly 

body and its Angle of Variation S^ 

15 For computing the time &c, from single altitudes. • • . 89 

16 For computing the time &c, from observations near 

the prime vertical • 90 

17 For computing the effect of atmospheric refraction. . • 91 

18 For computing the equation of equal altitudes 92 

19 For computing the correction for.the.Reductipp to the 

Meridian • 93 

20 For computing the correction for the Redmction to the 

Solstice , . . « 94 

21 For computing the Angle of the Vertical ..?... 95 

22 For computing the horizontal Parallax of the moon at 

any given latitude • • , 95 

23 For computing the Moon's parallax in Altitude 96 

24 For computing the longitude and altitude of the 

Nonagesimal 97 



Contents. xiii 

FoRMULiB 

25 For computing the Moon's parallax in Longitude and 

Latitude |>Ag^ 98 

* 26 For computing the Moon's parallax in Right Ascen- 
sion • 99 

27 For confuting the Moon's parallax in Declination. . 100 
V 28 For computing, the augmentation of the Moon's semi- 

diamer • 101 

29 For computing the apparent distance between the 

centre of the moon and the sun or a star 1 02 

dO For computing the place of the moon by means of 

differences 103 

31 For computing the annual precession of the Equinoxes 

and the mean Obliquity of the ecliptic 104 

32 For computing the Nutation of the obliquity of the 

Ecliptic, and of the Longitude 105 

33 For computing the lunar and solar nutation of a star 106 

34 For computing the aberration of a star 107 

35 For computing the corrections to observations with 

a transit instrument 108 

36 For computing the co-efficients used in the preceding 

formula 109 

37 For computing the latitude of a place, from observa- 

tions of the Pole star, at any time of the day 110 

38 For computing the height of mountains with the 

barometer • • • * 111 

39 For computing the increase of gravity, and the com- 

pression of the earth from the lengths of two 
isochronous pendulums 112 

40 For computing the increase of gravity, and the com- 

pression of the earth from the vibrations of two 
invariable pendulums 113 

41 For computing the corrections to be applied to an 

invariable pendulum, from various causes 114 

42 For computing the principal geodetical quantities 

depending on the spheroidical figure of the earth • • 115 



J?9g^ xiuto xvi to be canceliccl^ and these two leaver \tv"&eTt^^ VasX^^^ 



xi¥ Canienis. 

Formulae 

43 For conputing the length of a degree of longitvdo 

^iid laiitHde, on the earth considered as a spheroid fMgel 1 6 

44 For computing the compression of the earth, from 

two measured arcs of the meridian . • • t • • • • 117 

45 For computing the equations depending on the theory 

of the elliptical motion of the planeu 118 

46 For computing the greatest equation of the centre, 

the eccentricity of the orhit, and the eccentrio 
anomaly ••••••••• 119 

47 For computing the angular distance between the 

moon, and the sun or a star • • 120 

48 For determining the true lunar distance 119* 

49 The rule of the signs, in algebraic expressiona of 

the circular functions • • IM* 



Ta9LES 

1 Latitude and Longitude of various Observatories • • 12$ 

2 Mean JR of the sun, for every day of the year. • . • . 125 
d Corrections for every year from 1800 to 1900 129 

4 Correction for the Lunar Nutation 130 

5 Correction for the Solar Nutation 131 

6 For converting sidereal into mean solar time 132 

7 For converting mean solar into sidereal time 133 

5 For converting degrees into time ; and vice versa • • 134 
9 Mr. Ivory's Refractions. ••••...•• , 138 

10 Corrections for thermometer and barometer. • 141 

1 1 Corrections for low altitudes ••.,..,•••> ^ • • 142 

12 Dr. Brinkley's Befractions 143 

13 ■ Corrections for low altitudes .....,.,.;,•.. 144 

14 Parallax of the sun, for the let day of every month , 145 

15 Logarithms of sin*^? i... 146 

16 Logarithms for the equation of equal altitudes . . . ; 147 

17 Altitude of a star, when on the prime vertical . • . « • 153 

18 For the reduction to the meridian 154 



Contents. xt 

Tables 

19 For the reduction to the meridian, second part, • page 164 
%0 Mean obliquity of the ecliptic for every year from 

1800 to 1900 165 

^ %\ Lunar Nutajtion of Longitude, and of Obliquity of 

the ecliptic. • »•• 166 

%% Solar Nutation of Longitude, and of Obliquity of 

the ecliptic • 168 

23 Selenographic positions of the principal lunar spots. 169 

24 Angle of the Vertical, and Logarithm of the earth's 

radius .••.•••••...•••• 170 

' %5 Augmentation of the moon's semidiameter 171 

26 Logarithms to be used with the 1st, 2nd and 3rd 

differences of the moon's place 172 

' .27 Annual precession of the equinoxes in Longitude ; 

and the constants for JBi and D. . • 173 

28 For aberration of a star in Mt and first part of do. 

in Dec • 1 74 

29 For aberration of a star in Dec. second part 175 

30 For Lunar Nutation of a star in SX and D • • • . 176 

31 For Solar Nutation of a star in A and D. ••••»•• • 177 
' SZ Circular arcs 178 

33 Semidiurnal arcs 180 

34 Length of a degree of Longitude and Latitude ; and 

of the Pendulum • 181 

35 l^i^p^nsion of yaripus substances 182 

36 For measuring heights by the barometer 183 

97 For converting hour^, minutes and seconds, into 

decimals of a day ^ »•..••,••.,•• • 184 

38 For converting minutes and seeondfl into decimals of 

a degree .,•••,.»,.,••., 185 

' 39 For converting any.d^y into the decimal part of a year 186 

40 For converting the centesim^ division of the quadrant 

into the sexagesimal , , . . • 188 

41 For converting Fahreph^jt's sc^e of the thermometer 

into Reaumur's and the Cente?im9l • • 191 



xvi ConlefUs, 

Tables 

42 Comparison of French and English measures • • page 1 92 

43 Various logarithms used in astronomical calculations 1 9S 

44 For comparing French and English barometers • . • • 1 94 

45 Depression of mercury in glass tubes. 1 94* 

ExplatuUion of the Tables 195 



Problems 

1 To convert sidereal time into mean solar time : and 

vice versa 217 

ft To compute the Refraction of a heavenly body .... 220 

3 To determine the time, from single altitudes of the 

sun, or a star 222 

4 To determine the time, from equal altitudes of the sun 226 
6 For the reduction to the meridian 228 

6 To determine the latitude of a place 231 

7 To determine the longitude of a place 236 

8 To compute the obliquity of the ecliptic, from obser- 

vations of the sun made near the solstice 247 

9 To determine the place of the equinox, from obser- 

vations of the sun made near that point 249 

10 To compute the true place of the moon, by means 

of differences ' 250 

1 1 To compute the parallax of the moon 252 

12 To compute the aberration and nutation of a star . • 256 

13 To determine the corrections for observations made 

with a transit instrument 258 

14 To compute a table of altitudes and azimuths 260 

15 To compute the longitude and latitude of a heavenly 

body, from its right ascension and declination : and 

vice versa 262 

16 To determine the height of mountains, by means of 

the barometer 263 

Appendix 265 

Errata 301 



ELEMENTS of the SYSTEM 



THE SUN. 



Xhe sun, which is the source of light and heat to our 
i^stem, is the most considerable of all the heavenly bodies; 
and governs all the planetary motions. 

Its mean distance from the earth is 239S4 times the 
semidiameter of the earth ; or nearly 95 miUicms of miles. 

Its mean longitude^ at the commencement of the fnresent 
century*, was in 280^ S9'. 10",2 : after subtractujg 2tf' 
for the effect of aberration. 

His mean motion in the ecliptic (as it appears to a 
spectator on the earth) in 100 Julian years, or SS32B mean 
solar days, is, according toM. J)am<Mseau, 56000^76472, 
or lOO""*^ -f 0°. 45'. 53",0f : whence we deduce his motion 
in a mean solar day tp be 0^ 98564722 or 0^ 59'. 8'',52999; 
and consequently his mean motion in 865 days to be 
S59^ 76 1 2354, or 859^ 45'. 40",45. 

The longitude of his perigee^ at the oommenoeipent of 
the present century, was in 279°. 30'. 5",0-z and the line 

* The epoch assumed in the following pages, as the commencement 
ffihe present century, is the moment of mean noon at Greenwich, on 
January 1, 1801; reckoning from the mian equinox. 

f M. Lalande, in his solar tables, assumed this, in round numbers, 
equal to 46'.0". M. Delambre at first determined it to be 45'.54"j 
but he afterwards adopted 45'. 45": at the same time stating that he 
thought this latter value was too small. Baron Zach has assumed it 
equal to 45'. 48". 
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of the apsides is subject to the same variation as that of 
the earth. 

The annual motion of the sun in the ecliptic, and its 
diurnal motion from east to west, are in fact optical de- 
ceptions, arising from the real motion of the earth in its 
orbit and on its axis. * These will be explained when we 
come to treat on the motions of the earth. 

The greatest equation of the centre^ as adopted by M.De- 
lambre, is 1^55'. 26^8: but M.Laplace has since pro- 
posed 1^. 55\ 27",S. It diminishes at the rate of 17",18 in 
a century. 

The sun is surrounded by an atmosphere; and it is 
oftentimes obscured with spots. Some of these spots have 
been observed so large as to exceed the earth 4 or 5 times 
in magnitude : and they are generally confined within 33^ 
of the solar equator. 

The observation of these spots shows that the sun moves 
on its axis : and the duration of an entire sidereal rotation 
of the sun is about 25\ days. Whence we conclude that 
the sun isjlattened at the poles. 

The solar ajpis is inclined in an angle of 7^ 30^ to the 
axis of the ecliptic. 

The mean horizontal parallax of the sun adopted by 
M. Laplace is S'\66 : but, as recently deduced by M. Encke 
from the transits of Venus in 1761 and 1769, it is 8",5776: 
and this angle is the apparent semidiameter of the earth, 
as seen from the sun. 

The apparent diameter of the sun, as seen from the 
earth, undergoes a periodical variation. It is greatest 
when the earth is in its perihelion; at which time it is 
32'. 35",6 : and it is least when the earth is in its aphelion ; 
at which time it is 31'. 3l",0. Its mean apparent diameter, 
or its diameter at its mean distance, is equal to 32'. 2",9. 
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The true diameter of the sun is 111*454 times the mean 
diameter of the earth ; or upwards of 882 thousand miles. 

Whence its volume is 1384472 times greater than that of 
the earth. 

Its mass is only 354936 times greater than that of the 
earth. 

Whence we conclude that its density is y.^V^^> or '2543 : 
which is about one quarter that of the earth. 

A body which weighs one pound at the equator of the 
earth would, if removed to the equator of the sun, weigh 
27*9 pounds. And bodies would fall there with a velocity 
of 334*65 feet in the first second of time. 

The sun, and all the planets, move round the common 
centre of gravity of the system : which centre is nearly in 
the centre of the sun. This motion changes into epi- 
cycloids the ellipses of the planets and comets, which re- 
volve round the sun. 

The sun is supposed to have a particular motion, which 
carries our system towards the constellation of Hercules. 
But, this is doubted by M. Bessel. 
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The number of planets belonging to our system is 
eleven. Six of these have been known and recogniseii 
from time immemorial : namely Mercury^ Venusj the Earthy 
Mars, Jupiter^ and Sattirn, But, the remaining five, which 
are not visible to the naked eye, have lately been disco- 
vered by the help of the telescope ; and are therefore called 
telescopic planets : namely, 

Uranus J discov. by Sir W. Herschel, March IS, 1781. 
Ceres J . . . . M. Piazzi, January 1, 1801.r 

Pallasy . . . . M. Olbers, March 28, 1802. 

Juno, • . . . M. Harding, Septem. 1, 1804. 

> Vesta, . . . . M. Olbers, March 29, 1807. 

All these planets revolve round the sun, as the centre of 
motion: and in performing their revolutions they follow 
the fundamental laws of planetary motion so happily 
discovered by Kepler; and which have been fully con- 
firmed by subsequent observations. These laws are, 

1^. The orbit of each planet is an ellipse^ of which the 
sun occupies one of the foci. 

2^ The areas described about the sun, by the radius 
vector of the planet, are proportional to the times em- 
ployed in describing them. 

S°. The squares of the times of the sidereal revolutions 
of the planets are to each other as the cubes of their mean 
distances. 

The extremity of the major axis of the ellipse, nearest 
the sun, is called the perihelion: the opposite extremity of 
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the same axis is called the aphelion. The line, which 
joins these two points, is called the line of the txpsides. 

The anomaly of a planet is its distance in degrees from 
the place of the perihelion. 

The radius vector is an imaginary line drawn from the 
centre of the s«m, to the centre of the planet, in any part 
of its orbit. 

The ntotion of a planet in its orbit is always most rapid 
when in its perihelion. This Telocity diminishes as the 
radius Tector increases ; till the planet arrives at its aphe- 
lion, when its motion is the slowest It then increases, in 
an inverse manner, till the planet arrives again at its peri- 
helion. 

The first two laws of Kepler are sufiicient for deter- 
mining the motion of the planets round {he sun : but, it is 
necessary to know, for each of these planets, seven quan- 
tities; which are called the elements of their elliptical 
motions. These are, 

1°. The mean distance of the planet from the sun: or 
half the major axis of the orbit. 

2°. The duration of a mean sidereal revolution of the 
planet. 

3°. The mean longitude of the planet, at a given epoch. 

4f**. The longitude of the perihelion, at a given epoch. 

5°. The inclination of the orbit to the ecliptic, at a 
given epoch. 

6°. The longitude of the nodes, at a given epoch. 

7°. The eccentricity of the orbit, described by the planet. 

The ellipses, however, which the planets describe, are 
not unalterable. Their major axes and their mean motions 
in their orbits, appear to be always the same. But the 
position of their apsides, the inclination of their orbits to 
the ecliptic, the position of their nodes, and the amount of 
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their eccentricities, seem to vary in a course of years. 
These inequalities, being sensible only in a series of ages, 
are called secular variations. There is no doubt of their 
existence: but the modem observations not being suffi- 
ciently extensive, and the ancient ones not sufficiently 
exact, there still rests some degree of uncertainty as to 
their magnitude. 

There are indeed some inequalities which affi^t the 
elliptical motion of the planets. That of the earth, for 
instance, is a little altered. But, they are most sensible in 
Jupiter and Saturn : for, it appears that the duration of 
their mean sidereal revolution round the sun is subject to 
a periodical variation. 
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Mercury is the nearest planet to the sun: its mean 
distafice being 0'3870981 ; that of the earth being con- 
sidered as unity. This makes his mean distance above 
36 millions of miles. 

He performs his mean sidereal revolution in 87'9692580 
mean solar days, or in 87**. 23**. 15™. 4j3%9: and his mean 
si/nodical 7\evolution in 115*877 mean solar days. 

His mean longitude^ at the commencement of the present 
century, was in 166°. 0'. 4j8",6. 

His mean motion in his orbit, in a mean solar day, is 
4°. 09238, or 4°. 5'. 32",6. His mean motion in 365 days 
is consequently 1493°. 7175 or ^'^^^-f 53°. 43'. 3'',0. 

The longitude of the perihelion was, at the commence- 
ment of the present century, in 74°. 21'. 46",9. The line 
of the apsides has a motion, according to the order of the 
signs, equal to 5",84 in a year : but, when referred to the 
ecliptic, this motion will (on account of the precession of 
the equinoctial points) be equal to 55", 9 in a year. And 
it is in this manner that the value is assumed in the pla- 
netary tables. 

His orbit is inclined to the plane of the ecliptic in an 
angle which, at the commencement of the present century, 
was 7°. (y. 9", 1 : and which angle is subject to a small 
increase of O", 181 8 in a year. 

His ascending tiode was, at the commencement of the 
present century, in 45°. 57'. 30",9 : having a motion, to the • 
westward, every year, of 7", 82. But, when referred to the 

c 
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ecliptic, the place of the node will (on account of the pre- 
cession of the equinoxes) fall more to the eastward by 
^2PyS in a year. And it is in this manner that the value is 
assumed in the planetary tables. 

The eccentricity of his orbit is 0*20551494; half the 
major axis being assumed equal to unity. This eccen- 
tricity is supposed to increase about *00000S866 in a cen- 
tury. 

The greatest equation of the centre^ deduced from this 
eccentricity, is 23^ 39'. 51"; and subject to an increase of 
1",6 in a century. 

The rotation on his axis is accomplished in 24^. 5°^. 28%5. 

The inclination of its axis to that of the ecliptic is not 
known. 

His mean apparent diameter^ or his apparent diameter 
at a distance equal to the mean distance of the earth from 
the sun, is 6",9 : but, at the time of his superior conjimc- 
tion it is only 5 ',0 ,' whilst, at his inferior conjunction, it 
sometimes amounts to 12^'. 

Mercury changes his phases like the moon, accoirding to 
his various positions with regard to the sun and the earth : 
but this cannot be discovered without the aid of a power- 
ftil telescope. • 

His true diameterj compared with that of the earth con- 
sidered as unity, is 0-398; which makes it about 3140 
miles. 

His vohime is only 0-063, that of the earth being con- 
sidered as unity. 

His masSy compared with that of the sun considered as 
unity, is ^^^j-^y^ = -0000004936. 

A body, which weighs one pound at the equator of the 
earth, would, if removed to the equator of Mercury, weigh 
1*03 pounds. 
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The proportion of light and keat^ which it reoeives from 
the sun, is about 6*68 times greater than that received on 
the earth. 

As seen from the earth, Mercury never appears at any 
great distance from the sun ;' either in the morning or the 
evening. His elongation^ or angular distance, varies from 
16M2' to 28^48'. 

His course sometimes appears retrograde^ The arc 
which he describes in such cases varies from 9^ 22^ to 
15^454<^: its duration in the former case is 23^ days, and 
in the latter case 21^ days. This retrogradation com- 
mences when Mercury is at a distance from the sun, which 
varies from 15°. 24-' to 18°. 39': and terminates when 
Mercury is at a distance which varies from 14-°. 49' to 
20°. 51'. 

Mercury is sometimes seen to pass ooer the sun^s disk : 
which can happen only when he is in his nodes, and when 
the earth is in the same longitude. Consequently this 
phsenomenon, for many centuries to come, can take place 
only in the months of May or November. The first 
observation of this kind was made by Gassendi in Novem- 
ber 1631 : since which period they have been frequent. 
The following is a list of all those which have happened 
since the above date inclusive, and of those that will 
happen till the end of the present century. 

1690 Nov. 9 
1697 Nov. 2 
1 707 May 5 
1710 Nov. 6 
1723 Nov. 9 
1736 Nov. 10 
1740 Nov. 2 



1631 Nov. 6 
1644 Nov. 8 
1651 Nov. 2 
1661 Mays 
1664 Nov. 4 
1674 May 6 
1677 Nov. 7 



c2 
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Mercury* 



174.3 Nov. 4 




1822 Nov. 4 


1753 May 5 


# 


1832 May 5 


1756 Nov. 6 




1835 Nov. 7 


1769 Nov. 9 


* 


1845 May 8 


1776 Nov. 2 


# 


1848 Nov. 9 


1782 Nov. 12 


# 


1861 Nov. 11 


1786 May 3 


# 


1868 Nov. 4 


1789 Nov. 5 


# 


1878 May 6 


1799 May 7 




1881 Nov. 7 


1802 Nov. 8 




1891 May 9 


1815 Nov. 11 




1894 Nov. 10 



Those marked with an asterisk are such future ones as 
will be visible in this country. 



VENUS. 



The mean distance of Yenus from the sun is 0*723 331 6; 
that of the earth being considered as unity. This makes 
her mean distance nearly 68 millions of miles. 

She performs her mean sidereal revolution in 224«*7007869 
mean solar days, or in 224^. 16\ 4-9"^. 8%0 : and her mean 
synodical revolution in 583*920 mean solar days. 

Her mean longitude^ at the commencement of the 
present century, was in 11°. 33'. 3",0. 

The mean motion in her orbit, in a mean solar day, is 
1°. 60217 or 1°. 36'. 7'',8. Her mean motion in 365 days 
is consequently 584^ 791^ or l'"'^ + 224°. 47'. 30",07. 

The longitude of her perihelion was, at the commence- 
ment of the present century, in 128°. 43'. 53", 1. The line 
of her apsides has a motion to the westward, of 2^,68 in a 
year : but, when referred to the ecliptic, this line will (on 
account of the precession of the equinoxes) appear to have 
a motion to the eastward, of 4 7'', 4 in a year. 

Her orbit is inclined to the plane of the ecliptic in an 
angle, which, at the commencement of the present cen- 
tury, was 3°. 23'. 28",5 : and which angle is subject to a 
small decrease of about 0'',0455 in a year. 

Her ascending node was, at the commencement of the 
present century, in 74°. 54'. 12",9 : having a motion to the 
westward, every year, of 17",6. But, when referred to the 
ecliptic, the place of the node will (on account of the pre- 
cession of the equinoxes) fall more to the eastward by 
32", 5 in a year. 
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The eccentricity of her orbit is 0*00686074' ; half the 
major axis being assumed equal to unity. This eccentricity 
is supposed to decrease about '000062711 in a century. 

The greatest equatiofi of the centre is 0°. 47". 1 5^^ ; which 
is subject to an annual decrease of 0'',25. 

The rotation on her axis is accomplished in 23**. 21"*. 7*52. 

The inclination of her axis^ to that of the ecliptic, is not 
exactly known. 

Her mean apparent diameter^ or her apparent diameter 
at a distance equal to the mean distance of the earth from 
the sun, is 16^^,9 : but, at the time of her superior con- 
junction it is only 9",6 ; whilst at her inferior conjunction 
it sometimes amounts to 6l'',2. 

Venus changes her phases^ like the moon, according to 
her various positions with respect to the sun and the earth: 
which causes a very considerable difference in her bril* 
liancy. 

Her trtie diameter^ compared with that of the earth con- 
sidered as unity, is 0*975; which makes it about 7700 
miles. 

Her volume is 0*927, that of the earth being considered 
as unity. 

Her mass^ compared with that of the sun considered as 

unity, is i^jstett = •0000024638. 

A body which weighs one pound at the equator of the 
earth, would, if removed to the equator of Venus, weigh 
only 0*98 pound. 

The proportion of light and heat, which she receives 
from the sun, is about 1*91 times greater than that re- 
ceived on the earth. 

She is surrounded by an atmosphere, the refractive 
powers of which differ very little from those of the terres*- 
trial atmosphere. 
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As viewed from the earth, Venus is the most brilliant of 
all the planets ; and may sometimes be seen with the naked 
eye at noon day. She is kndwn and recognised as the 
morning and evening star : and never recedes far from the 
sun. Her elongation^ or angular distance, varies from 
45° to 47°. 12^ 

Her course sometimes appears retrograde. The arc, 
which she describes in such cases, varies from 14°. 35' to 
17°. 12': its duration, in the former case, is 40**.^!**, and 
in the latter case 43**. 12*. This retrogradation com- 
mences or finishes when she is at a distance from the sun, 
which varies from 27°. 40' to 29°. 4l'. 

Venus is sometimes seen to pass over the suris disc ; 
which can happen only when she is in her nodes, and 
when the earth is in the same longitude. Consequently 
this phaenomenon, for many centuries to come, can take 
place only in the months of June or December. It is a 
phaenomenon indeed of very rare occurrence, as may be 
readily seen by the following list, which contains all those 
transits of Venus which have occurred since that which 
took place in December 1639 inclusive (the first that was 
ever known to have been seen by any human being) to the 
end of the 21st century. 



1639 Dec. 4 
1761 June 5 
1769 June 3 



1874 Dec. 8 

* 1882 Dec. 6 

* 2004 June 7 
2012 June 5 



THE EARTH. 



The earth which we inhabit is also one of the planets 
that revolve about the sun. Its mean distance from the 
sun is 23984 times its own semidiameter : whence it is 
nearly 95 millions of miles distant from that luminary. If 
this mean distance be assumed equal to unity, we shall 
have its distance at the perihelion equal to '9832 ; and its 
distance at the aphelion equal to 1*0168. 

It performs its mean sidereal revolution in 365*2563612 
mean solar days, or 365**. 6**. 9™. 9S6 : but the time em- 
ployed in going from one equinox to the same again, or 
from one tropic to the same again (whence called the 
tropical revolution^ is only 365*2422414 mean solar days, 
or 365^. 5\ 48"^. 49%? *. The tropical year is about 4 SSI 
shorter than it was at the time of Hipparchus. 

Its mean longitudej at the commencement of the present 
century, was in 100°. 39'. 10'^2: after subtracting 20^' for 
the effect of aberration. 

Its motion varies in different parts of its orbit Like all 
the other planets, it is most rapid in its perihelion, and 
slowest in its aphelion. In the former point it describes 
an arc of 1°. 1'. 9'^9 in a mean solar day: and in the 



♦ M. I/alande makes this equal to 48',0 ; whilst M. Delambre makes 
It 51',6. In fact, if we augment the duration of the year 1% we must 
diminish the secular motion of the sun 4'\\, See the note in page 3» 
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latter point it describes an arc of only 57'. 11",5 in the 
same period. Its mean motion is 0^*985645722, or 
0^ 59'. 8",32999 in a mean solar day ; and 0'''98295603, 
or 0°. 58'. 58",64172 in a sidereal day. 

The mean longitude of its perihelion^ at the commence- 
ment of the present century, was 99°. 30'. 5",0. But the 
line of the apsides has a motion, to the eastward, of 11 ",8 
in a year : which line, being referred to the ecliptic, will 
(on account of the precession of the equinoxes) appear to 
have a motion of 6l",9 in a year. M. Laplace prefers 
61 ",76. A revolution of the earth, from one end of the 
apsides to the same point again, is called an anomalistic 
year : and, on the assumption of the quantity stated by 
M. Laplace, is performed in 365*2595981 mean solar days, 
or in 365**. 6\ 13"*.4j9%3. The perihelion coincided with 
the vernal equinox about the year 4089 before the Chris- 
tian era : it coincided with the summer solstice about the 
year 1250 after Christ: and will coincide with tlie au- 
tumnal equinox about the year 6483. A complete tropical 
revolution of the apsides is performed in 20984 years. 

The axis of the earth is inclined to the pole of the 
ecliptic in an angle which, at the commencement of the 
present century, was 23°. 27'. 56^^ ^S* : which angle is called 
the obliquity of the ecliptic. It is observed to decrease at 
the rate of 0",4755 in a year. But, this variation is con- 
fined within certain limits; and cannot exceed 2°. 42'. 

This angle is also subject to a periodical change called 
the nutation; depending principally on the place of the 
moon's node: whereby the axis of the earth appears to 
describe a small ellipse in the heavens. The semi major 

' * M. Bessel makes this only 54", 32 with an annual diminution 
of 0",46. 

D 
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axis of this ellipse is found by M. Laplace from theory to 
be 9",40 : but Dr. Brinkley, from a comparison of nu- 
merous observations, makes it only 9'',25. If a denote the' 
semi axis major of this ellipse, the semi axis minor (6) will 

be & s X a : CO being the obliquity of the ecliptic. 

The sun has likewise an effect on the variation of thb 
angle; which amounts, at a maximum, according to 
M. Laplace from theory, to 0",49S: but, according to 
Dr. Brinkley from observation, to 0",545. These varia- 
tions. in the obliquity of the ecliptic affect the right ascen- 
sions and declinations of the stars, according to their posi- 
tions in the heavens. 

The intersection of the equator with the ecliptic is not 
always in the same point ; but is constantly retrograding^ 
or receding contrary to the order of the signs. Conse- 
quently the equinoctial points appear to move forward oo 
the ecliptic: and whence this phaenomenon is called the 
precession of the equinoxes. The quantity of this annual 
change caused by the action of the sun and moon, and 
which is called the luni-solar precession, is 50",41 ; from 
which we must deduct the direct motion caused by the 
planets, equal to (y^,Sl : and the difference, or 50", 10 is the 
general precession in longitude. It is subject to a small 
secular variation. A complete revolution of the equinoxes 
is performed in 25868 years. 

This precession is also subject to a periodical change^ 
caused by the nutation of the earth's axis; and which 
affects the right ascensions of all the stars, by quantities 
depending (like the nutation of the obliquity) on the mean 
place of the moon's node and on the true longitude of the 
sun. M. Laplace's theory makes the constant of lunar 
nutation in longitude equal to 17",579; and of the solar 
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nutation equal to l'',137. But Dr. Brinkley makes the 
former 17''299; and the latter l",255. 

The eccentricity of the orbit of the earth is O'Ol 6783568; 
half the major axis being considered as unity *. The 
major axis therefore will be to the minor axis of the orbit, 
as 1 to '99986. The eccentricity of the earth's orbit is 
subject to a decrease of 0*00004163 in a century. 

The sidereal day^ or the time employed by the earth in 
revolving on its axis from any given star to the same star 
again, is always the same : and has not varied 0%003 since 
the time of Hipparchus. It is divided into 24 sidereal 
hours; and these are again subdivided into sidereal 
minutes and seconds. This mode of reckoning time, 
during the day, is now universally adopted by astronomers 
in their observatories : although the commencement of the 
day is still determined by the apparent culmination of 
the sun. . 

A mean solar day^ as adopted by the public in this 
country, is the time employed by the earth in revolving on 
its axis, as compared with the sun, supposed to move at a 
mean rate in its orbit, and to make 365*2425 revolutions in 
a mean Gregorian year. But the mean solar day, adopted 
by astronomers, is founded on the assumption that the sun 
makes only 365*2422414 revolutions in a mean Grego- 
riai^ year. It is divided into 24 mean solar hours ; and 
these are again subdivided into mean solar minutes and 
seconds. 

If the sidereal day be taken equal to 24 sidereal hours, 



* M. Laplace makes this equal to '01685318, which appears to be 

E 1 1 E^ 
too great. The present value is deduced from the formula — • j 

where E denotes the greatest equation of the centre, and which I have 
assumed equal to 1^.55'. ^'',3. 

D 2 
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the mean solar day will be equal to 24\ S*. 56S55 of those 
sidereal hours. And, if the mean solar day be taken equal 
to 24 mean solar hours, the sidereal day will be ecpxA to 
23^ 56™. 4%09 of those hours. Or, in all cases, if we wish 
to determine in sidereal time the value of any given inter- 
val expressed in mean solar time, and vice versoj we shall 

have 

sidereal time = 1*00273791 X mean solar time 

mean solar time =: 0*99726957 X sidereal time. 

The apparent day is the time employed by the eardi in 
revolving on its axis, as compared with the appar^it place 
of the sun. This day is also divided into 24 apparent 
hours ; which are again subdivided into apparent mintites 
and seconds. This mode of reckoning is still used by the 
public in many parts on the continent : and is frequently 
referred to by the practical astronomer on various occa- 
sions. In fact, the apparent culmination of the sun is the 
commencement of the astronomical day to every praclacal 
astronomer: and in most ephemerides the computations 
are made in apparent time. 

Apparent time is constantly changing. This variati<Mi 
arises principally from two causes : 1^ the unequal motion 
of the earth in its orbit; 2^ the obliquity of that orbit to 
the plane of the equator. The mean and apparent solar 
days are never equal, except when the sun's daily motion 
in right ascension is equal to 59^. 8",33. This is the case 
about April 16th, June 16th, Sept. 1st, and Dec. 25th: 
on these days the difference vanishes, or nearly so. It 
is at its greatest about Novem. 1st, when it amounts to 
16"*. 16*. The correction which is applied to apparent 
time, in order to reduce it to mean solar time, and vice 
versa, is called the eqtiation of time. It depends on a va^- 
riety of arguments which are given in all the solar tables. 
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The astronomical year is divided into four parts, deter- 
mined by the two equinoxes and the two solstice's. The 
interval between the vernal and autumnal equinoxes is 
(on account of the eccentricity of the earth's orbit, and its 
unequal velocity therein) yearly eight days longer than 
the interval between die autumnal and vernal equinoxes. 
These intervals were, in 1801, nearly as follow: 

From the vernal equinox to <i h m 

the summer solstice . . = 92. 21. 50 / _ °* 

From the summer solstice ~ 

to the autumnal equinox = 93. 13. 4<4< 
From the autumnal equinox 

to the winter solstice . . = 89. 16. 44 __ 
From the winter solstice to 

the vernal equinox . . = 89. 1. 33 



7. 17. 17 
The mass of the earth, compared with that of the sun 

considered as unity, is yy^^T^ = '0000028178. 

Its density is 3*9326 times greater than that of the sun ; 

and is, to that of water, as 1 1 to 2. 

lihej^re of the earth is that of an oblate spheroid ; the 

axis of the poles being to the diameter of the equator as 

304 to 305. Whence the compression of the earth is -^^j : 

which I shall denote by — . ThBre is a considerable dif- 
ference however in the results obtained by different astro- 
nomers and mathematicians. The mean diameter of the 
earth is about 7916 miles : its equatorial diameter is 7924 
miles, and its polar diameter 7898 miles. 

As a necessary consequence from this circumstance, the 
degrees of latitude increase in length, as we recede from 
the equator to the poles. But, different meridians under 
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the same latitude present diiFerent results : the general bsi 
however is well ascertained. If the length of a degree, 
divided in the middle by the equator, be denoted by d^ the 

length of a degree, divided in the middle by aoy other 

3 d 
latitude ( = x) will be increased by — x sin* X nearly : 

c 

c denoting the reciprocal of the compression above men- 
tioned. Whence we conclude that the increase is pnqpor- 
tional to the square of the sine of the latitude nearly. 

The centrifugal force at the equator is nearly -^ 
(s •00346) of gravity. If the rotation of the earth were 
17 times more rapid, the centrifugal force would be equal 
to that of gravity : and bodies at the equator would not 
have any weight. 

By reason of the circumstances mentioned in the last 
two paragraphs, bodies lose part of their weight by being 
taken towards the equator. If the gravity of a body at the 
equator be denoted by unity, its gravity at any other lati- 
tude ( = x) will be increased by '00539 sin' X nearly. 

A pendulum therefore, which vibrates seconds at the 
equator, must be lengthened in the same proportion, as we 
proceed towards the poles, in order that the oscillations 
may be rendered isochronous. If jp denote the length of a 
pendulum at the equator, its length at any other latitude 
( = x) must hep {I + ^OOSSQ sin' x) nearly, in order to be 
isochronous. 

Light is supposed to take 8"^. 13*,3 to come from the 
sun to the earth. But, in this interval, the earth has 
moved 20",25 in its orbit 

This motion of the earth produces an optical illusion in 
the light which comes from all the heavenly bodies; and 
which is called the aberration of light. From a mean of 
3326 observations made by Dr. Brinkley and Dr. Struve, 
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the constant of aberration is found to be 20", 36. This 
would make the velocity of light equal to 8™. 15*,8. 
. A rare and elastic fluid surrounds the earth, which is 
called the atmosphere. Neither the temperature nor den- . 
sity of this fluid is uniform ; but diminishes in proportion 
to the distance from the surface of the earth, and is also 
affected by various other circumstances. 

On the parallel of 455° of latitude, the temperature being 
at the freezing point, and the barometer at the level of the 
sea at its mean height ( = 29*922 inches) the weighjt of the 
air is to that of a similar volume of mercury as 1 to 
10477 '9: whence it follows that, if the density of the 
atmosphere were every where the same, its height would 
be 26151 feet, or 4'*95 miles. But its true height is much 
more considerable: since M. Gay- Lussac actually ascended 
in a balloon to the astonishing height of 23010 feet, or 
4*36 miles; being the greatest elevation to which any 
person has yet ascended. 

Air is generally supposed to expand m bulk ^^^ for 
every degree of Fahrenheit's thermometer: but M. La- 
place prefers ^^^. 

The rays of light do not move in a straight line through 
the atmosphere ; but are inflected continually towards the 
earth : so that the heavenly bodies appear more elevated 
from the horizon than they x'eally are. This phenomenon 
is called refraction. 

We find, from the most accurate observations, that the 
refraction which the atmosphere produces, is for the most 
part independent of its temperature, and proportional to 
its density. But, as the density varies according to the 
temperature, it is necessary to attend not only to the state 
of the barometer, but also to that of the thermometer. 

A ray of light, passing from a vacuum into air at the 
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temperature of freezing water and under a preaaure ii 
cated by the barometer at 29*922 inches, will be refracted 
ao diat the sine of refraction is to the sine of hficidence as 
1 to 1*0002943321. It would be sufficient thenfiMre^ m 
order to determine the direction of a ray of light through 
the atmosphere, to know the law of the denaity of its 
strata. But, this law, which depends on the tempera- 
ture, is Tery complicated, and varies every moment in the 
day. 

The temperature of the whole atmosphere being sap- 
posed at the freezing point, the density of these strata will 
diminish in a geometrical progression according to tbdr 
distances from the surface of the earth : and we find by 
analysb that, the barometer being at 29*922, the refractioB 
at the horizon is 39'. 54^68. It would be only SO'. 24^1 
if the density diminished in an aritlmietical progreasion. 
The horizontal refraction^ which we observe, (about 
35'. 6'',0) is a mean between these limits. 

When the apparent height of a star above the hcNriaon 
exceeds 10% its sensible refraction depends wholly on the 
state of the thermometer and barometer at the place of 
observation : and it is nearly prc^xirtional to the tangent 
of the apparent distance of the star from the zenith, di- 
minished by 3*25 times the corresponding refraction at 
that distance: the thermometer being at the freezing pointy 
and the barometer at 29*922 inches. Whence it follows 
that, at that temperature and under that pressure, the con- 
stant of refraction is 60",66 : but, at any other tempera- 
ture and under any other pressure, corrections must be 
applied which are usually given in all Tables of refrac- 
tion. When the apparent altitude of a star does not ex- 
ceed 10**, the formula for determining the refraction be- 
comes more complex : and has been the subject of much 
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controversy between the most eminent mathematicians and 
astronomers. 

The humidity of the air produces no sensible e£fect on its 
refractive powers, and may therefore be safely neglected. 

The atmosphere is a heterogeneous substance. Out of 
100 parts, 79 are azotic gas, and the remaining 21 are 
oxygen gas: with the exception of 3 or 4* parts of carbonic 
acid gas out of every 1000. This is found to be univer- 
sally the case in whatever season or whatever climate,' or 
in whatever part of the world the experiment has been 
tried. This proportion is also found to exist in the highest 
points of the atmosphere that have been reached by means 
of balloons. 

A body projected horizontally from the surface of the 
earth, to the distance of about 4«*d5 miles, if there were no 
resistance in the atmosphere, would hot fall again to the 
earth ; but would revolve round it as a satellite : the cen- 
trifugal force being then equal to its gravity. 

The action of the sun and moon has a considerable 
effect on the waters of the ocean, and produces the phae- 
nomena of the tides. 

The height of the tide, at high water, is not always the 
3ame; but varies from day to day: and these variations 
liave an evident relation to the phases of the nioon. It is 
greatest at the syzigies : after which it diminishes, and be- 
comes the least at the quadratures. 

Tlie tides are also affected by the declinations of the sun 
and moon: for they diminish the tides of the syzigies 
which occur at the equinoxes ; and augment the tides of 
the quadratures, which occur at the solstices. The dimi- 
nution of the tides of the syzigies a^the solstices, is only J 
of the diminution of the tides of the syzigies at the equi- 
noxes. And the increase of the tides at the quadratures. 
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is twice as great at the equinoxes as it is at the sol- 
stices. 

The distance of the moon from the earth has also t 
sensible influence on the tides. In general they increase 
and diminbh as the diameter and parallax of the moon 
increases and diminishes ; but in a greater degree. The 
diminution of the tides of the syzigies at the perigee ii 
nearly three times greater than at the apogee. 

The action of the moon upon the tides is three times 
that of the sun. 

The sea rises and falls twice in each interval of time 
comprised between the consecutive returns of the moon to 
the same meridian. The mean interval of these returns is 
1'.' 0^ 50^. 28%S : consequently the mean interval between 
two following periods of high water is 12\ 25^. 14S1. So 
that the retardation in the time of high water, from <Mie 
day to another, b 50°^. 28%3 in its mean state : and it is 
affected by all those causes which influence the moon's 
motion. 

This retardation varies with the phases of the moon. 
It is at its minimum towards the syzigies, when the tides 
are at their maximiun; and it is then only 89°^. 12%7. 
But, towards the quadratures, when the tides are at their 
minimum, this retardation is the greatest possible; and 
amounts to IK 14™. 58»,8. 

The variation in the distance of the sun and moon from 
the earth (and particularly the moon) has an influence also 
on this retardation. Each minute in the increase or dimi- 
nution of the apparent diameter of the moon, augments or 
diminishes this retardation 3". 42% 9 towards the syzigies: 
but towards the quadratures the effect is three times less. 

Hie daily retardation of the tides varies likewise with 
the declination of the sun and moon. In the syzigies at 
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the time of the solstices, it is about 1"*. 26% 4 greater than 
in its mean state : and it is diminished in the same pro- 
portion at the equinoxes. On the contrary, in the qua- 
dratures at the time of the equinoxes, it exceeds its mean 
state by S^. 4?5*,6 : and is in a similar manner diminished 
by this quantity, in the quadratures at the time of the 
solstices. 

But, the state of the tides is so. modified by the nature 
and position of the coasts, the depth of the channel, the 
operation of the winds, and by other, causes, that the 
above laws will not always be found to correspond with 
the actual state of the tides, particularly near the coast, or 
in rivers. 

The general result however, from a mean of a number 
of Qbservations, is that the inequalities, in the heights 9nd 
intervals of the tides, have various periods. Som^ ar^ of 
half a day and a day ; others are of half a month and b. 
month ; whilst others are of half a year and a year : and 
some are the same as the times of the revolutions of the 
lunar nodes and apsides. 
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MARS. 



The mean distance of Mars from the sun is 1*5236923; 
that of the earth being considered as unity. This makes 
his mean distance above 142 millions of miles. 

He performs his mean sidereal revolution in 686*9796458 
mean solar days; or in 686^ 23^ 30°*. 41%4 : and his 
mean synodical revolution in 779*936 mean solar day& 

His meaji longitude^ at the commencement of the present 
century, was in 64®. 22'. BS'^^S. 

His meafi motion in his orbit, in a mean solar day, is 
0^*524072, or 31'.26",66. His mean motion in 365 days 
is consequently 191^286280 or 191M7'. 10",6. 

The longitude of the perihelion was, at the commence- 
ment of the present century, in 332®. 23'. S&^^G. But, the 
line of the apsides has a motion, to the eastward, of 15^,8 
in a year : which, on account of the precession of the 
equinoxes, will appear to move 65",9 in a year. 

His orbit is inclined to the plane of the ecliptic in an 
angle which, at the commencement of the present century, 
was 1®. 51'. 6",2: and which angle decreases about 0'',014 
in a year. 

His ascending node was, at the commencement of the 
present century, in 48®. O'. 3",5 ; having a motion to the 
westward every year, of 23",3. But, when referred to the 
ecliptic, the place of the node will (on account of the pre- 
cession of the equinoxes) fall more to the eastward by 
26", 8 in a year. 

The eccentricity of his orbit is 0*0933070; half the 



mdjor axis being cdnsidered as unity. This eccentricity 
is supposed to increase about 0*000090176 in a century. 

The greatest equation of the centre is 10°. ^O'. 50"; which 
Ms subject to ah annual increase of 0",37. 

The rotation on his axis is performed in 24^. 39°*. 21 %3. 

The inclination of his axis to that of the ecliptic isr 
30°. 18'. 10",8. 

His parallax is nearly double that of the siih. 

His appare7it diameter^ at his mean distance from the 
earth, is 6", 29. At its conjunction, it is sometimes not 
more than 3",6 ; but it increases as the planet approaches 
its opposition, when it sometimes amounts to 18'',28. Sir 
W. Herschel states that the polar diameter is about ^ 
less than the equatorial diameter. 

Mars changes his phases (somewhat in the same manner 
as the moon does from her first to her third quarter) 
according to his various positions with respect to the sun 
and the earth. But he never becomes cornicular, as Venus 
and the moon do when near their conjunctions. 

His true diameter^ compared with the earth considered 
as unity, is '517 or about 4100 miles; which is rather 
more than half the diameter of the earth. 

His volume is 0*1386; that of the earth being considered 
as unity. 

His mass compared with the sun considered as unity is 

^J^h^^ = -0000003927. 

A body which ^weighs one pound at the equator of the 
earth, would, if removed to the equator of Mars, weigh 
only ^ of a pound. 

The proportion of light and heat received by him from 
the sun, is about 0*43 ; that received by the earth being 
considered as unity. 

He has a very dense but moderate atmosphere : and he 
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is not accompanied by any satellite. As viewed from the 
earth, he is known by his red and fiery appearance. 

His course sometimes appears retrograde. The arc 
which he describes in such cases, varies from 10^.6' to 
19°. 35': its duration in the former case is 60^. 18^; and 
in the latter case 80^. 15^. This retrogradation com- 
mences or finishes when the planet is at a distance from 
the sun, which varies firom 128°. 44' to 146°. 37'. 



VESTA. 



Tills planet w»s diiScdteted by Dr. Olbers on March 29, 
IB67 : its mean distunde from the sun is 2'367870; that of 
the earth being considered as unity. 

It perforins its sidereal revolution in 1325*7431 mean 
solar days: and its mean synodical revolution in 603*4*1 
days. 

Its rriedn longitude^ Bt mean noon, at Greenwich, on ^ S 
Jan. 1, 1820, was in 2^ 8^ 30'. 0",4. ^7^ ^ '• 

Its medn motion in its orbit, in a mean solar day, is 
16VI7",0516: its mean motion- in 365 days is consequently 
99°.9M5",33. 

The kmgituide *f its perihelion^ on Jan. 1, 1820, was in 
249°. 33'. 24«",4?. According to M. Santini, it has an ap- 
parefht annual motion of + 1'. 34?",24?. 

Its orbit is inclined to the plane of the ecliptic, in an 
angle of 7°. 8'. 9" : which, according to M. Santini, has 
an annual decrease of O", 12. 

Its ascending node •was, on January I, 1820, in 
103M3'. 18'^,2: AirUbh, accoi^ing to M. Santini, has an 
apparent annual motion of + 15",63. 

The eccentricity of its orbit is 0*089130; half the major 
axis being considered as ^ unity: subject to an annual in- 
crease, according to M. Santini, of '000004009. 

The greatest equation of the centre is 10°. 13'. 22". 

The elements of this planet hffmever are not yet sufficiently 
determined to he depended on : and require correction from 
future observations. 
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This planet was first discovered by M. Harding od 
Sept 1, 1804 : its mean distance from the sun is 2-669009; 
that of the sun being considered as unity. 

It iierforms its sidereal revolution in 1592*6608 mean 
solar days : and its mean synodical revolution in 473*95 
days. 

Its mean lotigitude, at mean noon, at Greenwich, on 
Jan. 1, 18feo, WPS in 200^ 16'. 19",1. 

Its mean motion in its orbit, m a mean solar day, ii 
IS'. S2",9304: its mean motion in 365 days is conse- 
quently 82^25M9",60. 

The longitude of its perihelion^ on Jan. 1, 1820, was in 
53°. 33'. 46". 

Its orbit is ificlined to the plane of the ecliptic, in an 
angleof 13°.4'.9",7. 

Its ascending node was, on Jan. 1, 1820, in 171^7'.40'',4. 

The eccentricity of its orbit is 0*257848 ; half the major 
axis being considered as unity. 

The greatest equation of the centre is 29^ 46'. 19". 

The elements of this planet haaoever are not yet sufficiently 
determined to be depended on : and require correction Jrom 
Jiiture observations. 
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This planet was first discovered by M. Ptazzi, ori Jan. 1, 
1801 : its mean distance from the sun is 2*76724?5; that of 
the earth being considered as unity. 

It performs its mean sidereal revolution in 168 1*3931 
mean solar days : and its mean synodical revolution in 
466*62 days. 

Its vfiean longitude^ at mean noon, at Greenwich, on 
Jan. 1, 1820, was in 123°. 16'. ll",9. 

Its mean motion in its orbit, in a mean solar day, is 
12'. 50", 9230 : its mean motion in 365 days "is conse- 
quently 78°. 9'. 46",89. 

The longitude of its perihelion y on Jan. 1, 1820, was in 
147°. 7'. 31",5 : which, according to M. Gauss, is subject 
to an apparent annual motion of + 2'. 1",3« 

Its orbit is inclined to the pla.ne of the ecliptic in an 
angle of 10°. 37'. 26",2: which, according to M. Gauss, 
has an annual decrease of 0",44. 

Its ascending node was, on Jan. 1, 1820, in 80°. 41 '.24". 
According to M. Gauss, it has an apparent annual mo- 
tion of + 1",48. 

The eccentricity of its orbit is 0*078439 ; h.alf the major 
axis being considered as unity : which, according to 
M. Gauss, is subject to an annual decrease of '00000583. 

The greatest equation of the centre is 8°. 59', 42". 

The elements of this planet however are not yet sufficiently 
determined to be depended on : and require correction from 
fiUure observations. 

V 



PALLAS. 



This planet was discovered by Dr. Olbers, on March ^ 
1802: its mean distance from the sun is 2*772886 ; that of 
the earth being considered as unity. 

It performs its sidereal revolution in 1686*5388 mean 
solar days : and its mean synodical revolution in 466*^ 
days. 

Its mean longitude^ at mean noon, at Greenwich, on 
Jan. 1, 1820, was in 108^24'.57",9. 

Its mean motion in its orbit, in a mean solar day, is 
12^48'^39S4: its mean motion in S65 days is consequently 
77^ 54'. 25",59. 

The longitude of its perihelion^ on Jan. 1, 1820, was in 
12P.7'.4",3. 

Its orbit is inclined to the plane of the ecliptic, in an 
angle of 34^. 34'. 55",0. 

Its ascending node was, on Jan. 1, 1 820, in 172^. 39^ 2&fi. 

The eccentricity of its orbit is 0*241648 ; half the major 
axis being considered as unity. 

The greatest eqtuition of the centre is 27**. 49'. 19". 

The elements of this planet however are not yet st^fficiefUbf 
determined to be depended on : and require correction from 
future observations. It appears subject to vety considerable 
perturbations. 



JUPITER. 



The mean distance of this planet from the sun is 5*202776 ; 
that of the earth being considered as unity. This makes 
his mean distance above 485 millions of miles. 
' He performs his mean sidereal revolution in 4332*5848212 
mean solar days, or in 4332^. 14^- 2". 8S5 : which is nearly 
12 years. But this period is subject to some inequalities. 
His mean synodical revolution is performed in 398*867 
mean solar days. 

His mean longitude at th^ commencement of the present 
century, was in 11 2^ 15'. 23",0. 

His mean motion in his orbit, in a mean solar day, is 
0^08312938, or 4'. 59",26. His mean motion in 365 days 
is consequently 30°. 3422228, or 30°. 20^. 32",0 : so that he 
passes through somewhat more than a sign in the course 
of a year. 

The longitude of his perihelion was, at the commence- 
ment of the present century, in 11°. 8'. 34", 6. The line of 
the apsides has a motion, to the eastward, of 6",96 in a 
year : which when referred to the ecliptic will (on account 
of the precession of the equinoxes) appear to be equal to 
57",06 in a year. 

His orbit is inclined to the plane of the ecliptic in an 
Angle which, at the commencement of the present century, 
was 1°. 18'. 51", 3; and which angle is subject to a small 
decrease of about 0",226 in a year. 

His ascending node was, at the commencement of the 
present century, in 98°. 26'. 18",9; having a motion to the 
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SATURN. 



The mean distance of Saturn from the sun is 9*5387861 ; 
that of tlie earth being considered as unity. This makes 
his mean distance alcove 890 millions of miles. 

He performs his mean sidereal revolution in 1 0759*2 1 98 1 74 
mean solar days; or in 29*456 Julian years. But this 
period is subject to some inequalities : and his motion at 
the present day appears to be less rapid than formerly. 
His mean synodical revolution is performed in 378*090 
mean solar days. 

His mean longitude^ at the commencement of the present 
century, was in 1 S5°. 20'. 6",5. 

His mean motion in his orbit, in a mean solar day^ is 
0°. 03349777 or 2'. 0",6. His mean motion in 365 days is 
consequently 12^22668787 or 12^ 13'.36",08. 

The longitude of his perihelion was, at the commence- 
ment of the present century, in 89°. 9'. 29",8. The line of 
the apsides has a motion, tg the eastward, of 19",4 in a 
year: which, when referred to the ecliptic, will (on account 
of the precession of the equinoxes) appear to be equal to 
69",5 in a year. 

His orbit is inclined to the plane of the ecliptic in an 
angle which, at the commencement of the present century, 
was 2°. 29'. 35", 7 ; and which angle is subject to a small 
decrease of O", 1 55 in a year. 

His ascending node was, at the commencement of the 
present century, in 111®. 56'. 37"54; having a motion to 
the westward, every year, of 19",4. But, when referred to 
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the ecliptic, the place of the node will (on account of the 
precession of the equinoxes) fall more to the eastward, by 
SO",? in a year. 

The eccentricity of his orbit is 0*05615050 ; half the 
major axis being assumed equal to unity. This eccentricity 
is supposed to decrease about *0003 12402 in a century. 

The greatest equation of the centre is 6°. 26'. 12" ; which 
is subject to an annual decrease of l'',279. 

The rotation on his axis is performed in 10**. 29™. 16%8. 

The inclination of his axis to that of the ecliptic is 
31°. 19'. 

His apparent diameter^ at his mean distance from the 
earth, is about 16",20. 

His true diameter^ compared with that of the earth con- 
sidered as unity, is 9'982; which makes it about 76068 
miles. The axis of the poles is to the equatorial diameter 
as 11 to 12. 

His volume is 995*00 ; that of the earth being considered 
as unity. 

His mass^ compared with that of the sun considered as 
unity, is ^^-^ = -0002847380. 

His density y compared with that of the sun considered 
as unity, is '550 ; which is about ^ of the density of the 
earth ; but there is some uncertainty in this deternlination. 

A body which weighs one pound at the equator of the 
earth, would, if removed to the equator of Saturn, weigh 
1*01 pounds. 

The proportion of light and heat which it receives from 
the sun is about '0011 ; that received by the earth being 
considered as unity. 

He is sometimes marked by zones or belts ; which are 
probably obscurations in his atmosphere. 

His course sometimes appears retrograde. The arc 
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which he describes in such cases varies from 6°«41' to 
6^.55^: its duration in the former case is 138**. 18**; and 
in the latter case 135^. 9*. This retrogradation com- 
mences or finishes when the planet is at a distance from 
the sun which varies fi^om 107°. 25' to 110°,46'. 

Saturn is accompanied by seven satellites : and also 
surrounded with a double rivg. 



URANUS. 



Uranus was discovered to be a planet by Sir William 
Herschel on March 13, 1781 ; who gave it the niame of 
the Georgtum sidus*. Its mean distance from the sun is 
1 9*1 82390; that of the earth being considered as unity. 
This makes his mean distance upwards of 1800 millions of 
miles. 

It performs its mean sidereal revolution in 30686*8208296 
mean solar days; or in 84*02 Julian years. Its mean 
^nodical revolution is performed in 369*656 mean solar 
days. 

Its mean longitude, at the commencement of the present 
century, was in 177^. 48'. 23",0. 

The mean motion in its orbit in a mean solar day is 
0^ 0117695 ; or 42", 3 7. His mean motion in 365 days is 
4^ 295876 or 4^ 17'. 45",16. 

The longitude of his perihelion was, at the commence- 
ment of the present century, in 167^. 31'. 16",1. The line 
of the apsides has an apparent motion, to the eastward, of 
52", 50 in a year. 

His orbit is inclined to the plane of the ecliptic in an 
angle of 46'. 28", 44. 

His ascending node was, at the commencement of the 



* It is remarkable that this star was observed as far back as 1690. 
It was seen three times by Flamsteed, once by Bradley, once by Mayer, 
and eleven times by Lemonnier: not one of whom suspected it to be a 
planet. That briUiant discovery was reserved for Herschel. 

G 
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present century, in 72°. 59'. 35", 3 ; having an apparent 
motion to the eastward, every year, of 14", 16. 

The eccentricity of his orbit is 0'046679S8 ; half the 
major axis being considered as unity. 

TTie greatest equation of the centre deduced from this 
eccentricity is 5°. 20/. 57". 

His apparent diameter^ even at the time of his oppo- 
sition, is scarcely 4",0. 

His mass, compared with that of the sun considered as 
unity, is yy^TF = •0000558098. 

His density, compared with that of the sun considered 
as unity, is supposed to be about 1*100. 

Hie proportion of light and heat which it receives from 
the sun is about '003; that received by the earth being 
considered as unity. 

As seen from the earth the motion of Uranus sometimes 
af^ars retrograde. The mean arc which he describes in 
this case is about 3°. 36' : and its mean duration is about 
151 days. Hiis retrogradation commences or finishes 
when the planet is distant about 103°. 30^ from the sun. 

This planet is accompanied by six satellites. 



THE SATELLITES. 



The number of satellites in our system, at present known, 
is eighteen : namely, the Moon which revolves round the 
Earth, four that belong to Jupiter, seven to Saturn, and 
six to Uranus. The moon is the only one visible to the 
naked eye. 

They all move round their respective primary planets, 
as their centre, by the same laws as those primary ones 
move round the sun : namely, 

1°. The orbit of each satellite is an ellipse, of which the 
primary planet occupies one of the foci. 

2°. The areas, described about the primary planet, by 
the radius vector of the satellite, are proportional to the 
times employed in describmg them. 

3°. The squares of the times of the revolutions of the 
satellites, round their respective primary planets, are to 
each other as the cubes of their mean distances from the 
primary. 
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THE MOON. 



The mean distance of the moon from the earth is 29*982 175 
times the diameter of the terrestrial equator ; or above 237 
thousand miles. 

She performs her mean sidereal revolution in 27*32 1 66 1 423 
mean solar days, or 27**. 7**. 4j3°*. 11S5 : but the time em- 
ployed in making a tropical revoltdion is only 27**. 32 1 5824 1 8, 
or 27**. 7**. 43™. 4%7. Her mean synodical revolution is 
29*5305887215 mean solar days, or 29**. 12^44"*. 2%87. 
But these periods are variable ; and a comparison of the 
modern observations with the ancient ones proves incon- 
testably an acceleration in the mean motions of the nioon, 
to which we shall presently allude. 

Her mean longitude^ at the commencement of the present 
century, was in 1 1 8^. 1 7'. 8", 3 ♦. 

Her mean motion^ in 100 Julian years, or 36525 mean 
solar-days, is 481 267^878222 or 1336"^*^ + 307^52'. 4 1^,61: 
whence we deduce her mean motion in a mean solar day 
to be 13°. 17639639 or 13°. 10'. 35",027 : and consequently 
her' mean motion in 365 days to be 4809°. 38468235 or 



* M. Burg has adopted W, b&'yl : whilst M. Burckhardt assumes it 
17'. 3",0. 

f Mayer, in his first tables, adopted 52'. 20"; but in his second 
tables, he increased it to fiS*. 35". M. Burg proposed 52'. 43",48 : 
whilst M. Burckhardt assumed it at 52'. 53" ,5. Lastly, M. Damoiseau 
has retained the determination of M. Laplace, which makes it only 
52'. 41' ',6 as stated in the text. 
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ISrcv ^ 129^23'.4",85646. It is however subject to tf 
secular variation, as will be shown presently. 

The mean longitude of her perigee was, at the com- 
mencement of the present century, in 266°. 1 (V. 7", 5. But 
the line of the apsides has a motion to the eastward, 
which in 36525 mean solar days is 4069°. 046278, or 
] jrcv _|_ xo9°. 2'. 46'',6 *: whence we deduce the mean mo- 
tion in a mean solar day to be 6'. 41",0; and consequently 
the mean motion in 365 mean solar days to be 40°. 39^. 45^,36. 
It makes a sidereal revolution in 3232*575343 mean solar 
days, or in nearly 9 years. The period of a tropical revo- 
lution of the apsides is but 3231*4751 mean solar days. 
These periods however are not uniform : for they have a 
secular variation depending on the acceleration of the 
moon; and are retarded whilst the motion of the mooa 
itself is accelerated. The amount of this secular variation, 
we shall allude to in the sequel. 

If the mean place of the moon's perigee be deducted 
from her mean longitude, it will show her mean anomaly. 
This mean anomaly was, at the commencement of the 
present century, in 212°. 7'. 0",8f : and its motion in a 
mean solar day is 13°. 064992; consequently its motion in 
365 days is 4768°. 722057, or 13"^^^ + 88°. 43'. 19^4. The 
mean period of an anomalistic revolution of the moon is 
27**. 5545995 or 27**. 13M8"». 37%4. But these motions 
are-variable, as will be shown hereafter. 

Her orbit is inclined to the plane of the ecliptic in an 
angle of 5°. 8'. 47",9. But this inclination is subject to a 
periodical variation which principally depends on the 

* M. Burg makes this 2l,^",7y whilst M. Burckhardt makes it 

3'. 48", 2. M. Damoiseau has adopted the determination of M. Laplace. 

t M. Burg assumes 6'.56",6; whilst M. Burckhardt adopts &,2&"fi. 
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cosine of twice the distance of the moon from the sun ; and 
amounts, at a maximum, to 8'. 47*, 15* The mean inclina- 
tion however is constant, notwithstanding the aecular va- 
riation in die plane of the ecliptic : a fact which is con- 
firmed by all the observations, ancient and modem. 

Her ascending node was, at the commencement of the 
present century, in 1S^5SM7'',7*. It has a motion to 
the westward, which in S6525 mean solar days amounts to 
1934^ 1659722, or S"^*^ + lS4^9'.57^5t : whence we de- 
duce the motion of the node in a mean solar day to be 
0^052955 or dM(y',64: and the motion in 365 mean 
solar days to be 19^328421 or 19M9'.42^»S16. The 
nodes make a sidereal revolution in 6793*39108 mean 
solar days; or in 18*6 Julian years. The place of the 
node is subject to many inequalities ; of which the greatest 
is proportional to the sine of double the distance of the 
moon from the sun ; which, at a maximum^ amounts 
to 1^.37'. 45". A synodical revolution of the nodes is 
performed in 346*619851 mean solar days; or in 
846**. 14^ 52". 35%!. The mean period of a revolution of 
the moon, from node to node, is 27^.2122222» or 
27^. 5**. 5". 36*. These mean motions however are not 
imiform : for the motion of the nodes is subject to a secular 
variation depending on the acceleration of the moon ; and 
is retarded, whilst the motion of the moon is accelerated. 
The amount of this secular variation we shall now allude to. 

The acceleration of the moon^s mean motion arises from 



♦ M. Burg, in the Supplement to his tables, makes this 40",6: whilst 
M. Burckhardt adopts 22",2. 

t M. Burg has assumed 42" ,0, in the Supplement to his tables : 
whilst M. Burckhardt has adopted 48",0. M. Damoiseau has followed 
the determination of M. Laplace. 
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die action of the sun, together with the secular variation of 
die eccentricity c^ the earth's orbit. Whilst this eccen- 
tricity dimimshes (which is the case at present) the accele^ 
ration will increase : but, when the eccentricity shall begin 
to increase, this acceleration will be changed into a re- 
tardation of the moon's motion. The cause of this varia- 
tion affects not only the position of the moon's longitude, 
but also the place of her perigee and node. M. Damoiseau 
has given the following formulae for the secular variations: 
where x denotes the number of centuries from 1800. 

Long: = + 10",7232x^ + (y',019361x^ 
Anom: = + 50",4203x* + (y',091035x* 
Node = + 6",5632x« + 0",011850x« 

These quantities are related to each other, as the numbers 
1, + 4*702 and + 0*612. 

The eccentricity of the moon's orbit is 0*0548442 ; half 
the major axis being assumed equal to unity. It does not 
appear to be subject to any variation. 

The greatest equation of the centre is 6°. 17'^ 12", 7: 
which a}so appears to be invariable. 

The rotation on her axis is equal and uniform ; and is 
performed in precisely the same time as the tropical revo- 
lution in her orbit : whence she always presents nearly the 
same face to the earth. 

But, as die motion of the moon, in her orbit, is periodi- 
cally variable, we somedmes see more of her eastern edge, 
and sometimes more of her western edge. This appearance 
is called her libration in longitude. 

The inclination of her axis to that of the eclipdc is 
l^.SO'. 10",8. 

In consequence of this posidon of the moon, her poles 
alternately become visible to, and obscured from us. This 
phaenomenon is called her libration in latitude. 
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Tliere is also another phaenomenon connected with this 
subject, arising from the moon being seen by us fitHn the 
surface of the earth, instead of the centre. This is called 
her diurnal libration. 

^rhere are other inequalities in the moon's moticHis, 
arising from the action and influence of the sun. The 
principal of these are the three following ones ; which are 
added as equations to die moon's mean longitude. 

1^. The evectioiij whose constant e£Pect is to diminish the 
equation of the centre in the syzigies, and to aug^ment it in 
the quadratures. If this diminution and increase were 
always the same, the evection would depend only on the 
angular distance of the moon from the sun : but its abso- 
lute value varies also with the distance of the moon fran 
the perigee of its orbit. Afler a long series of observatioiUy 
we are enabled to represent this inequality by supposing it 
to depend on the sine of double the distance of the nuxm 
from the sun, minus the distance of the moon from its 
perigee. At its maximum it amounts to P. 2Ql. 29",90. 

2^. The variation, which disappears in the syzigies iwd 
quadratures, and is greatest in the octants. It is then 
equal to 35'. 41'',96. It is proportional to the sine of twice 
the distance of the moon from the sun : and its duration is 
half a synodical revolution of the moon. 

3^ The annual equation, which follows exactly the 
same law as the equation of the centre of the sun, but with 
a contrary sign. For, when the earth is in its perihelion, 
the orbit of the moon is enlarged by the action of the sun ; 
and the moon therefore requires more time to perform her 
revolution. But, as the earth proceeds towards its aphe- 
lion, the moon's orbit contracts. Hence, the period of 
this inequality is an anomalistic year: and, at its maximum 
it amounts to 11'. 11 ",97. It is subject to a small secular 
variation. 
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' The mean horizontal parallax of the moon, at the equa- 
tor, is 57'. (y',9. It varies from about 53'. 48" to about 
61'. 24" according to the distance of the moon from the 
earth. The horizontal parallax at any other latitude ( =7 A) 
is always less than that at the equator, by a quantity 
which is equal to the equatorial horizontal parallax mul-^ 

tiplied by — . sin* A nearly: — being the compression of 

the earth. 

The parallax of altitude may, for most ordinary pur- 
poses, be considered as equal to the horizontal parallax (at 
the place) multiplied by the cosine of the apparent alti- 
tude. 

The apparent diameter of the moon varies also accord- 
ing to her distance from the earth. When nearest to us, 
it is 33'. 3l",07; but at her greatest distance it is only 
29'. 21 ",91 : the apparent diameter at ber mean distance is 
31'. 7",0. It is always -^^ of the horizontal parallax of the 
moon : or, more correctly, equal to '545 of the lunar 
parallax. 

Her mean tme diameter is, in proportion to that of the 
earth, as 5823 to 21332j or as 1 to 3'665. Whence her 
mean diameter is about 2160 miles. Her figure is that 
of an oblate spheroid, like that of the earth. 
Her volume \s -^ o( the volume of the earth. 
Her mass is yg.-^ of the mass of the earth *• 
Her density is ^.^^^ •=. '615 of the, density of the 
earth. 



* M. Laplace made this, at first, equal to ^g^TT * ^^^ ^^ ^^^ since 
reduced it to -ts-^tt* I'he value in the text is deduced irom Dr. Brink- 
ley's constant of nutation. 
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so The Moon* 

A body, which xveighs oue pound «t the equator of the 
etrth, would, if removed to the equator of the mooo, 
weigh only ^ of a pound. 

The light of the moon is 300 thousand times more weik 
than that of the sun. Its rays, collected by the aid of 
powerful glasses, do not produce any sensible effect on the 
thermometer. 

The atmosphere of the moon (if it has any) must be 
exceedingly attenuated ; and must be more rare than thtt 
which we can produce with our best air-pumps. 

The reaction of the rays of light at the surface of the 
earth must be at least a thousand times greater than at the 
surface of the moon. The horizontal refraction at the 
moon cannot exceed l",6. 

Volcanoes and mountaifis are discovered on her surface, 
by the aid of powerful telescopes. 

A body projected from the surface of the moon, with a 
momentum that would cause it to proceed at the rate of 
about 8200 feet in the first second of time, and whose di- 
rection should be in a line which, at that moment, passed 
through the centre of the earth and moon, would not fall 
again to the surface of the moon ; but would become a 
satellite to the earth. Its primitive impulse might, indeed, 
be such as to cause it even, after many revolutions, to pre- 
cipitate to the earth. The stones, which have fallen from 
the air, may be accounted for in this manner. 

The phases of the moon are caused by the reflection of 
the sun's light from her surface ; and depend on the rela- 
tive positions of the sun, the earth and the moon. 

Eclipses can happen only when the moon is in her syzi- 
gies: and then only when she is near the place of her nodes. 
If, at the time of her mean conjunction with the sun, she be 
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less than IS®. 33' from her node, there will certainly be an 
eclipse of the sun in some part of the world : but, if this 
distance be greater than 19^.44', there cannot be one. 
Between these limits it will be necessary to make a more 
minute calculation. If at the time of her mean opposition, 
she be 7°. 47' distant from her node, there will certainly be 
an eclipse of the n^oon: but if 13^21' distant therefrom, 
there cannot be one. Between these limits it will also be 
necessary to make a more minute calculation. 

The numl)er of eclipses in a year cannot be less than two, 
nor more than seven. And when there are only two, they 
will both be solar. 

A solar eclipse cannot take place unless the moon be in 
conjunction with the sun : and then only to a spectator on 
the earth under particular circumstances. When the 
centres of the sun and moon are in the same straight line 
with the eye of the spectator, and the apparent diameter of 
the moon is greater than that of the sun, the eclipse will 
be total : but, if her apparent diameter be less, the eclipse 
will be annular. In other cases, however, which are by 
far the most numerous, the sun will suffer only a partial 
eclipse. The greatest possible duration of the annular 
appearance of a solar eclipse is, according to M. Du 
Sejour, 12"^. 24* : and the greatest possible time during 
which the sun can be totally obscured is 7°*. 58*. The 
magnitude and duration of every solar eclipse will in fact 
differ at every point of the earth's surface. 

The following is a list of all the subsequent solar 
eclipses that will be visible in this country during the 
present century. The hour of the day at which the 
eclipse commences, and the number of digits eclipsed, are 
adapted to the middle of England. 
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LIfit Of SOLAR JKCLIPSEB *. 1 


y«r. 


Da; and boar. 


Oigit* 
eclipMd. 


1826 


d 
Nov. 29. 


10. A.M. 


e!*! 


1832 


July 27. 


2. P.M. 


0,30 


1833 


July 17. 


5. A.M. 


0.36 


1836 


May 15. 


2. P.M. 


11. 18 


1641 


July 18. 


3. 


contact 


1842 


July 8. 


5. A.M. 


8.5* 


1842 


May 6. 


8. 


6. 15 


1846 


April 25. 


6. P.M. 


2.21 


1847 


Oct. 9. 


6. A.M. 


11. 


1851 


July 28. 


2. P.M. 


9.43 


1858 


March 15. 


11. A.M. 


11.30 


1860 


July 18. 


2. P.M. 


9.12 


1861 


Dec. 31. 


2. ^-^ 


5. 


1863 


May 17. 


6. 


S.46 


1865 


Oct 19. 


4. 


7.96 


1866 


Oct. 8. 


5. ^^— 


5. 3 


1867 


March 6. 


8. A.M. 


8.42 


1868 


Feb. 23. 


3. P.M. 


contact 


1870 


Dec. 22. 


11. A.M. 


9. 36 


1879 


Mny 26. 


8. 


3.43 


1874 


Oct. 10. 


9. 


6.18 


1875 


SepL 29. 
July 19. 


noon 


0.3S 


1879 


7. A.M. 


4. 


1880 


Dec. 30. 


2. P.M. 


4.24 


1882 


May 17. 


6. A.M. 


2. 18 


1887 


August 19. 


3. 


11.58 


1890 


June 17. 


8. 


4.39 


1891 


June 6. 


5. P.M. 


3. 


1895 


March 2G. 


9. A.M. 


1. 


1896 


August 9. 


sunrise 


contact 


1899 


June 8. 


5. A.M. 


3. 13 


1900 


Mny 28. 


3. P.M. 


8. 



• See HutCon'i Malkem. Dktionary. Vol. i. page l.W, 2nd edition, 
I have however added a few others, from the list pulJlishcd by M. Du 
Vaucel in the Mcmmrei ilei Savant Elmngeri. Vol. v. page 575. 
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A lunar eclipse takes place only when the moon is ifi 
opposition to the sun ; and it is of the same magnitude and 
duration to ev6ry spectator on the surface of the earth. It 
is caused by her passing through the shadow of the earth; 
which is 3^ times longer than the distance between the 
earth and the moon. The breadth of this shadow, in the 
part where it is traversed by the moon, is about 2| times 
greater than the diameter of the moon; and is equal to the 
sum of the horizontal parallaxes of the sun and moon, 
minm the semidiameter of the sun. The magnitude and 
duration of every lunar eclipse will consequently vary 
according to the magnitude of these' quantities at the given 
time, and the relative positions of the luminaries. 

Visible eclipses of the moon are so frequent, that a list 
of them cannot be conveniently inserted in this work. 
And, on account of the indistinctness of the border of the 
penumbra^ the correct observation of such eclipses is ge- 
nerally difficult and unsatisfactory. 

Eclipses generally return ag^ain nearly in the same order 
and magnitude at the end of 223 lunations. For in 223 
mean synodical revolutions there are 6585*32 days; and 
in 6585*78 days there are 19 mean synodical revolutions 
of the moon's node. Therefore at the end of this period 
the sun and moon will be found nearly in the same 
position with respect tct the place of the moon's node. 
This period consists of 18 Julian years and 11 days, if 
there are four leap years in the interval : but if there are 
five leap years, it will consist of no more than 18 Julian 
years, and 10 days. And it will be found that there are 
generally about 70 eclipses in this interval : of which, 29 
will be lunar, and 41 solar. 

During a mean synodical revolution of the moon, the 
motion of the sun's mean anomaly, the moon's mean 
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anomalyt and the mean distance of the moon from her 
node, will be respectively 

29^ 1058533 25^ 8169054 80^ 6705158 

These quantities are useful in the computation of tables 
for determining the periods of eclipses. 

To an inhabitant of the moon, the earth always appears 
nearly in the same place in the heavens ; from which it 
varies only in consequence of the libralion. 
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JUPITER'S SATELLITES. 
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By the aid of the telescope we may observe Jour satellites 
revolving round Jupiter : the positions of which, with re-"^ 
spect to each other, are continually changing'. We some- 
times see them pass over the disc of Jupiter, and to project 
their shadow on the body of the planet. 

The shadow which Jupiter himself projects behind him^ 
relatively to the sun, gives rise to another phsenomenon of 
considerable iijiportance. For, the satellites frequently 
disappear, or are eclipsed in that shadow, although they 
appear, with respect to us, to be at a distance from the 
disc of the planet These eclipses are similar in principle 
to lunar eclipses ; and vary in duration according to the 
relative position of the bodies with respect to the sun. 

In the following table are given the mean sidei'eal revO" 
lution of the satellites, in mean solar days ; t(^ether with 
their mean distances from Jupiter, the semidiameter of that 
planet's equator being considered as unity ; and likewise 
their masses compared with that of Jupiter considered also 
as unity. 



Sat. 


Sidereal revolutioD. 


Mean 
distance. 


Mass. 


1 
2 
3 
4 


d h m 
1.18.28 

3. 13. U 

7. 3.43 

16. 16. 32 


d 
1.769137788148 

3.551810117849 

7. 154552783970 

16. 688769707084 


6. 04853 

9. 62347 

15. 35024 

26. 99835 


•0000173281 
•0000232355 
•0000884972 
•0000426591 
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First satellite. The plane of the orbit of this satellite 
coincides nearly with the plane of the equator of Jupiter; 
the inclination of which to the orbit of the planet, is 

■ 

S^. 5'. SCy. Its eccentricity is insensible. 

Second satellite. The eccentricity of the orbit of thii 
satellite is also insensible. The inclination of its orbit to 
that of its primary is variable ; as well as the position of 
its nodes. The^ variations are represented nearly by sup- 
posing the orbit of the satellite inclined 27^, 49^,2 to tbe 
equator of Jupiter ; and by giving the nodes, a retrograde 
motion, on this plane, so as to make a revolution in 50 
Julian years. 

Third satellite. This satellite has a little eccentricity, 
which is subject to a very sensible variation. Towards the 
end of the century before the last, the equation of the centre 
was at its maximum; and was then as much as 1S'« 16^4. 
It afterwards diminished, and was at its minimum about 
the year 1777 ; when it was only 5'. 7'',5. The line of tbe 
apsides has a direct but variable motion. The inclinatioD 
of its orbit to that of Jupiter, and the position of its nodes, 
are also variable. These variations may be represented 
nearly by supposing the orbit inclined 12'. 20^' to the 
equator of Jupiter ; and by giving the nodes a retrograde 
motion, on this plane, so as to make a revolution in 142 
Julian years. 

Fourth satellite. The eccentricity of this satellite is 
greater than that of the other three. The line of the 
apsides has an annual and direct motion of 4<2'. 58", 7« 
-The place of the nodes has a direct annual motion on the 
orbit of the planet, of 4'. 15'',3. The inclination of the 
orbit to that of Jupiter is about 2°. 58'. 48'^ It is in con- 
sequence of this great inclination that this satellite fre- 
quently passes behind the planet, with respect to the sun, 
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without being eclipsed. Since the middle of the last cen- 
tury, the inclination of the orbit has increased, and the 
motion of the nodes has diminished, very perceptibly. 

Independent of these variations, the satellites are subject 
to perturbations which affect their elliptical motions ; and 
which render their theory very complicated. 

The motions of tlie first three satellites are related to 
each other by a most singular analogy. For, the mean 
sidereal or synodical revolution of the first, added to twice 
that of the third, is generally equal to three times that of 
the second. And the mean sidereal or sjmodical longitude 
of the first, minus three times that of the second, plus 
twice that of the third, is generally equal to two right 
angles. 

It follows therefore that, for a great number of years at 
least, the first three satellites cannot be eclipsed at the 
same time. For, in the simultaneous eclipses of the second 
and third, the first will always be in conjunction with 
Jupiter : and vice versa. 

The eclipses of Jupiter's satellites are of great utility in 
enabling us to determine the longitude of places, by their 
observation : and they likewise exhibit some curious phee- 
nomena with respect to light. 



SATELLITES OF SATURN. 



By the aid of the telescope also, we may observe seven 
satellites to revolve round Saturn : the elements of which 
are but little known on account of their great distance 
from us. The following table will show their mean sidereal 
revolutions in mean solar days, and their mean distances 
from the planet, in semidiameters of Saturn's equator. 



Sat. 


Sidereal revolution. 


Mean 1 
distance. 


1 


d h m 
0. 22. 38 


d 
0-94271 


3-351 


2 


1. 8. 53 


1-37024 


4-300 


S 


1. 21. 18 


1-88780 


5-284 


4 


2. 1 7. 45 


2-73948 


6-819 


5 


4. 12. 25 


4-51749 


9-524 


6 


15. 22. 41 


15-94530 


22-081 


7 


79. 7. 55 


79-32960 


64-359 

• 



The orbits of the first six satellites appear to be nearly 
circular; and in the plane of Saturn's ring: whilst the 
seventh varies from that plane, and approaches nearer to 
that of the ecliptic. 

The great distance of these satellites, and the difficulty 
of observing them, prevent us from ascertaining the ellip- 
ticity of their orbits, and still less the inequalities of their 
motions. We know however that the ellipticity of the 
sixth is very^ perceptible. 



RING OF SATURN. 



The most singular phsenomenon attending Saturn is the 
double ring, with which he is surrounded: the apparent 
form and magnitude of which is very variable. Sometimes 
it appears nearly to surround the planet, and at other times 
is scarcely visible even in the most powerful telescopes. 
When it is approaching the latter state, it has the appear- 
ance of two handles, or ansce; one on each side of the 
planet. 

This ring, which is very thin and broad, is inclined to 
the plane of the ecliptic in an angle of 28°. 39'. 54". 

It revolves from west to east, in a period of 10**. 29"*. 16%8, 
about an axis which is perpendicular to its plane, and 
which passes through the centre of the planet. And it is 
remarkable that this is the period in which a satellite, 
assumed to be at a mean distance equal to the mean di- 
stance of the ring, would revolve round the primary, ac- 
cording to the third law of Kepler. 

The breadth of this ring is nearly equal to its distance 
from the surface of Saturn : that is, about ^ of the diameter 
of the planet. 

Its surface is separated nearly in the middle, by a black 
concentric band, which divides it into tis^o distinct rings : 
the breadth of the exterior of which is rather less than that 
of the interior. 

The apparent diameter of the ring, at the mean distance 
of the planet, is 38'',42; and of its breadth 5", 78. 

The edges of the ring being very thin, and being oc- 
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casionally presented obliquely to the earth, sometimes 
disappear. And as this edge will present itself to the son 
twice in each revolution of the planet, it is obvious that the 
disappearance of the ring will occur about once in 15 
years : but, under circumstances oftentimes very difierent 
The intersection of the ring and of the ecliptic is in 
170% and 350^: consequently, when Saturn is near either 
of those points, his ring will be invisible to us. On the 
contrary, when he is in 80^ or 260% we may see it to the 
greatest advantage. Regard however must be had to the 
position of the earth ; which will cause some variations in 
this respect The following are the dates, during the en- 
suing revolution of the planet, when the mean heliocentric 
longitude of Saturn is such that the ring will (if the earth 
be favourably situated) either be invisible, or seen to the 
greatest advantage. 



Date. 


Mean 
Long. 


Phase. 


1825 Nov. 
1833 April 
1838 July 
1847 Dec. 
1855 April 


o 

80 
170 
260 
350 

80 


South side illumined 

Invisible 

North side illumined 

Invisible 

South side illumined- 



SATELLITES OF URANUS. 



By the aid of. a very powerful telescope we may discover 
six satellites revolving round Uranus. 

The following table will show their mean sidereal reoo^ 
ItUions in mean solar days, and their mean distances from 
the planet in semidiameters of his equator. 



Sat. 


Sidereal revolution. 


Mean 
distance. 


1 


d h nr 

5. 21. 25 


d 
5-8926 • 


13-120 


2 


8. 16. 58 


8-7068 


17-022 


3 


10. 23. 4 


10-9611 


19-845 


4 


13. 10. 56 


13-4559 


22-752 


5 


38. 1. 48 


38-0750 


45-507 


6 


107. 16. 40 


107-6944 


91-008 



All these satellites are stated by Sir Wm. Herschel (to 
whom we are indebted for all we know on the subject) to 
move in a plane which is nearly perpendicular to the plane 
of the planet's orbit 



RECAPITULATION. 



Mean distance from the sun. 

Mercury 0-3870981 

Venus 0*7233316 

Earth 1-0000000 

Mars 1-5236923 

Vesta 2-3678700 

Juno 2-6690090 

Ceres 2-767245C 

Pallas 2-7728860 

Jupiter 5-2027760 

Saturn 9*5387861 

Uranus 19-1823900 



Mean sidereal revolution, 

d 

Mercury .... 87*9692580 

Venus 224-7007869 

Earth 365-2563612 

Mars 686-9796458 

Vesta 1325-7431000 

Juno 1592-6608000 

Ceres 1681-3931000 

Pallas 1686-5388000 

Jupiter 4332-5848212 

Saturn 10759-2198174 

Uranus 30686-8208296 



Recapitulation. 6S 



Si/nodical revolution. 

d 

Mercury 1 15*877 

Venus 583-920 

Earth 365-242 

Mars 779-936 

Vesta . 503-410 

Juno ........ 473-950 

Ceres . 466-620 

Pallas 466-220 

Jupiter 398-867 

Saturn S78-090 

Uranus 369-656 



Mean longitude^ Jan. 1, 1801. 

Mercury 166. 6. 48^6 

Venus 11. 33. 3,0 

Earth 100. 39. 10,2 

Mars 64. 22. 65y5 

Vesta .... r 278. 30. 0,4 

Juno • • • • § J 200. 16. 19,1 
Ceres .... 2 j 123. 16. 11,9 
Pallas ... 1 108. 24. 57,9 

Jlipiter . . . . . 112. 15. 23,0 

Salxirn 135. 20. 6^5 

Uranu3 177. 48. 23,0 



M 



RecapituUUiim. 



Mean daily motion in the orbit. 

Mercury 4. 5.' 32^6 

Venus 1. 36. 7,8 

Earth 0. 59. 8,3 

Mars 0. 31. 26,7 

Vesta 0. 16. 17,9 

Juno 0. 13. 32,9 

Ceres 0. 12. 50,9 

Pallas 0. 12. 48,4 

Jupiter 0. 4. 59,3 

Saturn 0. 2. 0,6 

Uranus 0. 0. 42,4 



Longitude of perihelion. 





JaD. 1, 1801. 


Ann. inc. 


Mercury . 74. 2i. 46,9 


+ 


65,9 


Venus / . 128. 43. 53,1 


+ 


47,4 


Earth . . 99. 30. 5,0 


+ 


61,8 


Mars . . . 332. 23. 56y6 


+ 


65,9 


Vesta 


r 249. 33. 24,4 


•f 


94,2 


Juno . d 

0^ < 


53. 33. 46,0 






Ceres . « | 14.7. 7. 31,5 


+ 


121,3 


Pallas. 1 121. 7. 4,3 






Jupiter . . 11. 8. 34,6 


•f 


57,1 


Saturn . . 89. 9. 29,8 


+ 


69,5 


Uranus . . 


167. 31. 16,1 


+ 


52,5 
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Mercury . . . 

Venus .... 

Earth 

Mars .... 

Vesta .... 

Juno 

Ceres 

Pallas .... 

Jupiter . . . 

Saturn . . . 

Uranus 



Inclination of the orbit. 

Jan. I, 1801. 

. . 7. 0. 9,1 
. . 3. 23. 28,5 



.... 



« . . 



o 



I. 51. 6,2 

f 7. 8. 9,0 

13. 4. 9,7 



... 



2 i 10. 37. 26,2 
L34. 34.. 55,0 

1. 18. 51,3 

2. 29. 35,7 
0. 46. 28,4 



Ann. var. 



// 



+ 0,18 

— 0,04 

- 0,01 

- 0,12 

- 0,44 

— 0,23 

— 0,15 
-h 0,03 



Longitude of the node. 







Jan. 1, 1801. 


Ann. inc. 


Mercury 


.... 


45. 57. 30,9 


+ 4,%3 


Venus 


.... 


74. 54. 12,9 


+ 32,5 


Karth 








Mars . • 


• . • . 


48. 0. 3,5 


+ 26,8 


Vesta . . 


• • 


^"103. 13. 18,2 


+ 15,6 


Juno . . 


. . 6 


171. 7.40,4 


. 


Ceres . . 


00 ^ 


80. 41. 24,0 


+ 1,5 


Pallas . . 


• • 


^172. 39. 26,8 


» 


Jupiter . 


.... 


98. 26. 18,9 


+ 84,3 


Saturn . 


.... 


111. 56. 37,4 


+ 30,7 


Uranus . 


• .. • . 


72. 59. 35,3 


+ 14,2 



K 



66 



Becapitulation, 





Eccentricity. 








Jan. 1, 1801. 


Secular variation. 


Mercury 


. . 0*205514940 


+ 


•000003866 


Venus . 1 


• . 0*006860740 


— 


•000062711 


Earth . . 


. . 0'016783568 


— 


•000041630 


Mars . . 


. 0-093307000 


-h 


•000090176 


Vesta . , 


. . 0-089130000 


•f 


•000004009 


Juno . . 


. . 0-257848000 




• 


Ceres . , 


. 0-078439000 


— 


•000005830 


Pallas . , 


. 0-241648000 




• 


Jupiter . . 


. 0-048162100 


-h 


•000159350 


Saturn • . 


. 0-056150500 


— 


-000312402 


Uranus • « 


. . 0-046679380 







Greatest 


equatiofi of the centre. 






Jan. 1, 1801. 


Ann. var. 


Mercury 


• • 


. . 23! 39. 5l'io 


-h 0,0160 


Venus . 


• • 


. • 0. 47. 15,0 


- 0,2500 


Earth . 


• • 


• . 1. 55. '21,^ 


- 0,1718 


Mars 


• • 


. . 10. 40. 50,0 


+ 0,3700 


Vesta 


• • 


rio. 13. 22,0 




Juno • . 


• • 


I 29.46. 19,0 




Ceres 


• • 


2)8. 59. 42,0 




Pallas . 


• • 


^27. 49. 19,0 




Jupiter . 


• • 


. . 5. 31. 13,8 


+ 0,6344 


Saturn . 


• • 


. . 6. 26. 12,0 


- 1,2790 


Uranus . 


• • 


. . 5. 20. 57,0 





MecapittdaiiarL ^ 



67 





Apparent Diameter. 


True 
Diameter. 


Volume. 1 


Least. 


Mean. 


Greatest. 




Mercury 


5,0 


6,9 


12^0 


0-398 


0-063 


Venus 


9,6 


16,9 


61,2 


0-975 


0-927 


Earth 








1-000 


1-000 


Mars 


3y6 


6,3 


18,3 


0-517 


0-139 


Jupiter 


30,0 


36,7 


45,9 


10-860 


1280-900 


Saturn 




16,2 




9-982 


995-000 


Uranus 




4,0 




4-332 


80-490 


Sun 


3l'. 31^0 


32. 2^9 


32. 35^6 


111-454 


1384472-000 


Moon 


29. 21,9 


31. 7,0 


33. 31,1 


0-275 


0-020 





Mass. 


Density. 


Gravity. 


Sidereal 
Rotation. 


Lieht and 
heat. 


Mercury 


^TJ^J^TTT 




1-03 


h m s 
24. 5.28 


6-680 


Venus 


TtryVrT 




0-98 


23.21. 7 


1-911 


Earth 


TTT^T^ 


3-9326 ' 


1-00 


24. 0. 


1-000 


Mars 


^JTETSTS 




0-33 


24. 39. 21 


-431 


Jupiter 


TTJJTJT 


-9924 


2-72 


9. 55. 50 


-037 


Saturn 


5512- 


-5500 


1-01 


10.29.17 


-Oil 


Uranus 


TrixF 


1-1000 


1 




-003 


Sun 


1 


1-0000 


27-90 


25. 12. 




Moon 


S6 6iTJS15rS 


2-4185 


0-16 


27. 7.43 





K 2 
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Recapitulation. 



Revolutions of the moon. 



Synodical • . 
Anomalistic • 
Sidereal • . 
Tropical . . 
Nodical • . 



d h m 1 

29. 12. 44. 2,9 
27. 13. 18. 37,4 
27. 7. 43. 11,5 
27. 7. 43. 4,7 
27. 5. 5. 36,0 



29'53058872 
27-55459950 
27*32166142 
27-32158242 
27*21222222 
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I. Equivalent expressions for smx. 



1 cos X • tan x 

cos J7 



2 



4 



5 



8 



10 



13 



U 



16 



cot 47 

1 



\/(l +COt«J7) 

tan.r 



a/(1 + tan^^) 
6 2 sin^.r • cos^^ 
^ / 1 — cos 2 X 

^ J — 2 — 

2tan \x 



1 + tan*^j7 

2 

cot \x '\- tan ^ .r 



sin (30^ + >r) — sin (80^ — x) 
>v/8 



11 2sin*(45^ + i^)-. 1 

12 1 — 2sin«(45^ — i^) 

1 — tan^ (45° '-\x) 
1 + tan« (45° - i ^) 

tan (45° + ^ ^) — tan (45° — ^ j*) 
tan (45° + i j;) + tan (45° — \x) 

15 sin (60° + J?) - sin (60° — x) 
1 



cosecant x 
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II. Equivalent expressions for q.o%x. 



1 



10 



11 



12 



13 



sm^ 



tan.r 

2 sin j: . cot x 

3 \/(l — sin*.r) 

V^(l + tan*^) 

cot 47 

^ V^(l +cot«^) 

6 cos^ \x •— sin' ^ ^ 

7 l-2sin«»i^ 

8 2cos*i47 — 1 
1 + cos 2 .r 



y 



1 — tan* \ X 
1 + tan* \ X 

cot \-x — tan j^ X 
cot 1^ J7 + tan J X 



1 + tan^ • tan^.r 

2 



tan (45^ + ^ J?) + cot (45^ + i ^) 

14 2 cos (45^ ■\r\x) cos (45^ — ^ ^) 

15 cos (60^ + ^) + cos (60^ — x), 
1 



16 



secant ^r 
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III. Equivalent expressions for tan ^. 



1 



2 



5 



8 



10 



11 



13 



sm.r 
cos.r 



cot.r 






sin 07 



>v/(l -- sin* 4?) 

\/ (1 •— cos^o:) 
cos.r 



2tan j^.r 
1 — tan* ^ a; 

2 cot ^ a; 
cot* ^ j: — 1 



cot J ^ — tan ^ J? 



9 cot J7 — 2 cot 2 a: 
1 -- cos 2 4? 



sin2j; 
sin2.r 



1 + cos 2 X 
1 — cos 2 J? 



12 ^4 



+ COS 2 47 



tan(45^+ ^^) — tan(45^ — ^x) 

2 
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IV. Relative to two arcs A and B. 

1 sin(A + B) = sinA.cosB + cos A.sinB 

2 sm(A — B) = sin A. cos B — cos A. sin B 
S cos(A + B) = cos A. cos B — sin A. sin B 

4 cos(A — B) = cos A.cosB + sin A.sinB 

, A T»v tan A + tanB 

5 tan ( A + B) = r— x-j^ — «- 

^ 1 — tan A.tanB 

/ A T»\ tan A — tan B 

6 tan (A- B) = — — - — r— — 15- 

^ ' 14- tan A.tanB 

7 sin (45^ ±B) 7 cosB + sinB 



12 



13 



14 



15 



±B)^ 
+ B)5 



8 cos(45^+B)i ' 4/2 

^ J. /4..0 L Ti\ 1 + tanB 

9 tan (45** ± B) = — ^=- — ^ 

^ ' 1 + tanB 

10 tan«(45^ + iB)= i-=-^H^ 

"■ 1 ± sin B 

11 i. />ii-o . iTi\ l±sinB cosB 
11 tan (45^ ± 4B) = - ^ — = , - ■ p 

^ — 2 ' cos B 1 -h sm B 



sin (A + B) _ tan A + tan B _ cot B + cot A 

sin ( A — B) "" tan A — tan B ^ cot B — cot A 

cos (A + B) _ cot B — tan A ^ cot A — tan B 

cos ( A — B) ~ cot B + tan A ~ cot A + tan B 

sin A + sin B _ tan ^ (A + B) 

sin A — sin B "" tan ^ ( A — B) 

cos B + cos A __ cot |( A 4- B) 

cos B — cos A ^ tan ^ ( A — B) 

[continued 



Formula. ' 75 



IV. continued. Relative to two arcs A and B. 

16 sinA.cosB = isin(A + B) + |sin(A — B) 

17 cos A. sin B = isin(A + B) — isin(A- B) 

18 sin A. sin B = icos(A— B) — icos(A + B) 

19 cos A. cos B = icos(A + B) + icos(A — B) 

20 sinA + sinB = 2sini(A + B).cosi(A — B) 

21 cosA + cosB= 2cosi(A + B).cosi(A— B) 

„ sin(A + B) 

22 tan A + tan B = \ xi 

cosA.cosB 

. . ^^ sin(A + B) 

23 cot A + cot B = — !— 4 — r— ^ 

smA.smB 

24 sinA-sinB = 2sini(A - B).cosi (A + B) 

25 cos B — cos A = 2sini(A — B).sini(A + B) 

-. sin (A — B) 

26 tan A — tan B = \ ^ 

cos A. cos B 

•o X A sin (A — B) 

27 cot B — cot A = — T-\ — . ' 

sm A.smB 

28 sin^.A-sin^Bl nx • /a . tdx 

oT> ©aT sin(A — B).sm(A + B) 

29 cos*B-cos*A5 ^ / V / 

30 cos* A— sin* B = cos (A — B).cos (A + B) 

31 tan'A-tan«B= '^'•"(A - B).sin(A + B) 

COS* A. cos* B 

32 cot«B-cot«A= sin(A-B).sm(A + B) 

sm* A.sin*B 



l2 



I 
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V. Differences of trigonometrical lines. 

1 Asinx = + 2sin^Ax.cos(«r + ^ Ax) 

2 Acosx = — 2siniAx.sin(x + | Ax) 

sin A X 
S Atanx = + 



cosx.cos(x + Ax) 
sin A X 

4 ACOtX = — — r— • ; — 7 : — ;: r- 

sin X. sin (x + Ax) 

5 Asin^x = + sin Ax.sin(2x + Ax) 

6 A cos^x = — sin A X. sin (2 X -f A x) 

sin A X. sin (2 X + A x) 

7 Atan^x = H = sS — — — r^ 

cos' X. cos* (x 4" A x) 

^ sin Ax.sin(2x + Ax) 

8 Acot^x = r-5 T-^. — . ^ / 

sm* X . sin' (x 4- A x) 



VI. Differentials of trigonometrical lines. 
1 dsinx = + dx.cosx 



2 


d cosx 


= 


— dx.sinx 


S 


d tanx 


=: 


dx 
cos'x 


4 


d cotx 


= 


dx 
sin'x 


5 


d sin'x 


= 


+ 2dx.sinx.cosx 


6 


d cos^ X 

1 a 


ss 


— 2 dx.sinx. cosx 
. 2dx.tanx 



7 d tan^x = 4- 



cos'x 



- a 2dx.cQtx 
8 d cot' X = zri 



sin'x 
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VII. General analytical expressions for the sides and 

angles of any spherical triangle. 

1 cos S = cos A .sin S' .sin S" + cos S' .cos S" 

2 cos S' = cos A' .sip S".sin S + cos S".cos S 

3 cos S" = cos A". sin S .sin S' + cos S .cos S' 

« 

4 cos A = cos S .sin A' .sin A" — cos A' .cos A" 

5 cos A' = cos S' .sin A", sin A —cos A", cos A 

6 cos A" = cos S".sin A .sin A' — cos A .cos A' 

7 cos S .cos A' = cot S".sin S — sin A' .cot A" 

8 cos S' .cos A" = cot S .sin S' — sin A". cot A 

9 cos S".cos A = cot S' .sin S" — sin A .cot A' 

sin A _ sin A' __ sin A" 
sinS "■ ISTS^ "■ sin S" 

11 sin 1 (S' + S) : sin J (S' - S) : : cot i A" : tan \ (A'- A) 

12 cos X (S' + S) : cos \ (S' - S) : : cot i A" : tan \ (A' + A) 

13 sin |(A' + A) : sin|(A'-.A) :: tan^ S" : tani(S'-S) 

14 cos I ( A + A) : cos i (A'- A) : : tan i S" : tan i (S'+ S) 

In these formulae A, A', A", denote the several' angfes of 
the triangle ; and S, S', S", the sides opposite those angles 
respectively. For the more convenient computation of 
the formulae No. 1 — 9, certain auxiliary angles are in- 
troduced, which will be alluded to in the formulae for the 
solution of the several cases of oblique*angled spherical 
triangles. 



78 



Foftnuke. 



VIII. Solutions of the cases of right'enxgled spherical 

triangles. 

Given. Required. 

H}rpothen. ['sideop. giv. ang. 1 

side adj. giv. ang. 2 

the other angle 3 



and 
an angle 



the other side 



r 

Hjrpothen. 

and i ang. adj. giv. side 

a side . . . 

^ang. op. giv. side 



Solution. 
sin .r = sin A . sin a 
tan .r = tan A . cos a 
cotar = cosA.tana 

cos A 



4 cosj; = 

5 

6 sinx^ 



cos 5 
cosx:=: tans. cot h 
sin 5 



A side and 
the angle ' 
opposite 



the hypothen. 
the other side 



7 sinj; = 
8 



sin A 
sins 



the other angle 9 s'mx = 



sin a 
sin .r = tan 5. cot a 
cos a 



> 



A side and fthe hypothen. 
the angle \ the other side 
adjacent (.^^^^ other angle 

The two ''*« hypothen. 



coss 

10 coti^ = cos a . cot s 

11 tan,r = tana.sin5 

12 cosx = sina.coss 



3 

f 
I 



sides 



i 



an angle 



The two 
angles 



13 cos.t* = rectang. cos. of 
the giv. sides 

14 cot^ = sin. adj. side X 

cot. op. side 

the hypothen. 15 cosj; = rectang. cot. of 

the given an^es 



a side 



16 COS^ss 



cos, opp. ang. 
sin. adj. ang. 



In these formulee^ x denotes the quantity sought. 

a = the given angle 
s = the given side 
A = the hypothenuse. 
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IX. Solutions of the cases of ai/tgt^- angled spherical 

triangles. 

G1VEN9 Two sides and an angle opposite one of them. 

Required^ 1^ The angle opposite the other given side. 

. __ sin, side op. ang. sought x sin, giv. ang. 

sin. side oppos. given angle 

Required^ 2®. The angle included between the given sides. 

cot a' = tan. giv. ang. x cos. adj. side 
„ _ cos d X tan, side- adj. giv. ang. 
tan. side op. given angle 

Required^ 3°. The third side. 

tan d = cos. giv. ang. x tan. adj. side 
,, cos a' X cos. side op. giv. anc^. 

cos u ^s — — ^— — — — '*■ P o 

cos. side adj. given angle 
X = (a' ± fl") 

In these formulae, x denotes the quantity sought: a' and 
a^ are auxiliary angles introduced for the purpose of facili- 
tating the computations. 

The angle sought in formula 1 is, in certain cases, am- 
biguous. In the formulae 2 and 3, when the angles oppo- 
site io the given sides are of the same species^ we must 
take the upper sign : on the contrary, the lotwer sign. The 
whole oP these formulae therefore are, in certain cases, am- 
biguous. 

[continued. 
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IX. continued. Solutions of the cases of od/ij^u^-angled 

spherical triangles. 

GiVENf Tuoo angles and a side opposite one of them. 

Required^ 4°. The side opposite the other given angle. 

_ sin, ang. op. side sought x sin, giv. side 
^ sin. ang. op. given side 



Required^ 5®. The side included between the given angles. 

tan a' = tan. giv. side x cos. ang. adj. giv. side 
,, __ sin a^ X tan, ang. adj. giv. side 
'^ tan. ang. op. given side 

X = (a' ± a") 

Required^ 6°. The third angle. 

cot a' =: cos given side x tan. adj. angle 

// «. sin, a^ X cos, ang. op. giv. side 
~" COS. ang. adj. given side 

a: = (a' ± a") 

In these formulce, x denotes the quantity sought : a' and 
a" are auxiliary angles introduced for the purpose of fiicili- 
tating the computations. 

The side sought in formula 4 is, in certain cases, am- 
biguous. In the formulae 5 and 6, when the sides oppo- 
site the given angles are of the same species^ we must 
take the upper sign : on the contrary, the lonver sign. The 
whole of these formulae therefore are, in certain cases, am- 
biguous. 

[continued. 
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IX. continued. Solutions of the cases of oblique-'SXigled. 

spherical triangles. 

G1VEN9 Two sides and the included angle. 

Reguiredj 7°. One of the other angles. 

tan a! =: cos given angle x tan given side 



a" =s the base — a' 



( 



sin a' 



tan a: = tan given angle x — : — ^ 

In ibis formula, the ^ven side is assumed to be the 
side opposite the angle sought : the other known 
side is called the base. 



Required, 8°. The third side. 

tan a' = cos given angle x tan given side 

a" = the base ^ a' 

. J cos a" 

cos X = cos £[tven side x j- 

^ cos a' 

In this formula, either o( the given sides may be as- 
sumed as the base: and the other, as the given side. 

In these formulae, x denotes the quantity sought : a' and 
a" are auxiliary angles introduced for the purpose of facili- 
tating the computations. 

If the side sought in formula 8 be small, the formuk^ 
may not give the value to a sufficient degree of accuracy i 
and some other mode must be adopted for obtaining the 
correct value. 

M , [continued. 
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IX. continued* Solutions of tiie cases of oUigue^BngleA 

spherical triangles. 

GiVEiTf A side and the txoo a^acent armies. 

Required^ 9^. One of tiie otiier sides. 

cot a! as tan given angle x cos given side 

a" s the vertical angle <-> d 

cos a' 



tan X s tan given side x ^ 

cos a 

In this formula, the angle^ opposite the side soughtj 
is assumed as the gjioen angle: the other known 
angle is called the verHcai angle. 



Requiredj 10®. The third angle. 

cot a' = tan given angle x cos given side 

a" = the 'vertical angle — a' 

sin fl" 
cos X = cos given angle x — ; — p 

In this formula, eitlier of the given angles may be 
assumed as the vertical angle : and the other as the 
given angle. 

In these formulae, x denotes the quantity sought : a! and 
a'' are auxiliary angles introduced for the purpose of facili- 
tating the computations. 

If the angle sought in formula 10 be small, the formula 

may not give the value to a suiBScient degree of accuracy : 

and some other mode must be adopted for obtaining the 

correct value. 

[continued. 
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IX, continued. Solutions of the caaes of oi/Z^t/^-angled 

spherical triangles. 

GiVEN^ The three sides. 

Required^ 11 ^ An angle. 

. /A + B-fC ^\ . /A + B + C ^\ 
sm( 2 Bjxsinl Cj 

sin* i J? = z—Yy — ^—7^ 

sm 13 • sin C 



. /A + B + Cn . /A + B + C .\ 
_ sin ( ^ ) X sin ( A ) 

cos w Uf •—• • — tS • — A^ 

Sin B . sm C 

In these forroulss, A, B, C are the three sides of the tri- 
angle : and A is assumed as the side opposite to the angle 
required. 

Given, The three armies. 

Required^ 12°. A side. 

/fl + 6+c\ /a + 6 + c \ 
\ cT^J X cos( -^^ ^ a) 



cos 

sin^^j; =r — - 



sin b , sine 



cos 



[^ — -,i)xcosl-:^:^ — ^c) 

COS*ia? = ^ ' ' -. — 7 5 

* sm 6 • sm c 

In these formulse, a, b^ c are the three angles of the 
triangle : and a is assumed as the angle opposite to the 
side required. 

In these formulae, a; denotes the quantity sought The 
formulae, which are resolved by the cosine^ are used only 
when the angle or side x is small. 

M 2 
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X. Trigonometrical series. 



1 sinx = .; -^+_^_.^&c. 



C08X=1 - ^+^^-.^-j^-^4-&c 



S tan X :s X A 1- 4- — s — =• 4" &c. 



JL ^ I X a* 231* « 

4? cot X SK — — —s — — = — - — r- — oCC. 

X 3 3».5 3*. 5. 7 



5 vcr-sin, = ^ - 5-^ + ^-j^^-^-g - &c. 



sin* J7 1.8 sin* x 
x = smx +-273-H- 2.4.5 + &c. 



«■ COS** I . 8 cos* a: 

47 ss — COSiT — — — &C. 

2 ^* 2.8 2.4.5 * 



8 47 = tan* — J tan** -f ^ tan** — &c. 



In the series No. 7, » denotes the periphery of the circle, 
or 3-14159265. 
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XL Multiple arcs. 

sinO ss 

sin.r =s sm.r 
sin 2.r = 2 sin ^.cos x 
sin Sx ^ 2 sin ^. cos 2^ + sin <r 
sin 407 s= 2sin.r,cosS.r + sin 2^ 
&c. &c« &c. 

COSO =: 1 

cos.r = cos^ 
COS 2.r = 2 cos x. cos .r — 1 
cos 3.r = 2 cos x. cos 2.r — cos x 
cos 4.r cs 2 cos j^.cos Sx — cos 2<r 
&c. ~ &C. &c. 

tsxix = tan<!r 

2 tan<r 



tan 2^ = 



1 — tan' J7 

tan X + tan 2x 
1 — tan ^. tan 2x 

tan a? + tan Sx 
1 — tana?.tan3<r 

&c. &c. &c» 



tan 3^ = 



tan 407 = 
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XIL For computing the Longitude^ Right Ascension am 
Declination of the Sun; any one of those quantities, to 
gether with the Obliquity of the ecliptic, being given. Ak 
for computing the angle of Position. 

^ sinD 

1 sm O = -» 

smo) 

2 cot O = cos ctf.cot^ 

3 sin iR = cotflo.tanD 

4 taniR = cosctf.tan O 

5 sinD =sinctf«sinO 

6 tanD =tanc0.sin^ 



^ »> COS© 

7 cos -dl = ^ 

cosD 



8 sinp = sin w. cos ^ 

9 tanp sstanw.cosO 



O = the Longitude 
JR = the Right Ascension 
D = the Declination : {minus when South) 
CO = the Obliquity of the ecliptic 
p = the angle of Position 



Formula. 87 



XIII. For computing the Longitude luid Latitude of the 
Moon or a Star (the Obliquity of the ecliptic being given) 
from the Right Ascension and Declination : and vice versa. 
Also for computing the angle of Position. 

Make tan a = sin ^.cot D 

1 tan L = ^t tan JR 

sma 

2 tan I = cot (a + eo) sin L 

. , cos (a -{- co) . T-k 

3 sm Z = ^ — -i— ^ sm D 

cos a 

4 sin L = tan {a + co) tan I ; 

Make cot a =: sin L . cot / 

e. X 2D COS (a + «) X T 

5 tanj5l=: ^^ ^ tan L 

cos a 

5 tan D = tan (a + «) sin JR. 

^ . ^ sin (a + «>) . , 

7 sm D = — \ ' sm I 

sma 

8 siniR s= cot (a -f w) tan D 

sin e0. cos JR sin eo. cos L 

9 sm o = = = T\ — 

^ cos / cos D 

L = the Longitude 
I = tiie Latitude 
JR = the Right Ascension 
D = the Declination : {minus when South) 
00 = the Obliquity of the ecliptic 
p = the angle of Position 
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XIV. For computing the Azimuth, angle of Variation and 
Zenith distance of a star ; the Co-latitude of the place, the 
north-polar distance of the star and its hour angle at the 
Pole, being given. 

tan|(A + V) =^^^4]^^ X cotiP 
^ ^ ' COS i{if -\- A) 

tan |( A - V) = . ?;; , /. X cot i P 

« 

i(A + V)-4(A-V) = V 
i(A + V) + i(A-V) = A 



. rw sm A . ■.-. 

sm Z = —. — r X sm P 
sm A 



A = the Azimuth, reckoned from the north : which must 
be subtracted from 180®, if reckoned from the south, 
V = the angle of Variation 
Z = the Zenith distance 
P = the hour angle of the star, at the Pole 
4/ = the Co-latitude of the place 
A = the North-polar distance of the star 
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XV. For computing the hour angle at the Pole: the 
Latitude of the place, and the Declination and Zenith 
distance of the sun, or star, being given. 



sin«*P = 



,^[ZiiL^J,.^fZ,^L^-, 



^ COS L . cos D 



iR -f P = die sidereal time of observation 



If we assume Z = 90°, we shall have the expression for 
the semi-diurnal arc^ equal to 

cos P = — tan D . tan L 
exclusive of the effect caused by parallax and refraction. 



L = the Latitude of the place 

D = the apparent Declination: {minus when South) 

Z = the observed Zenith distance, corrected for pardlax 
and re&action 

P = the hour angle at the Pole : plusj when the observa* 
tion is made to the west of the meridian; minus j 
when east. In the expression for the semi-diurnal 
arc, P is negative (and consequently greater than 
90°) when the declination and latitude are both on 
the same side of the equator 
jR = the apparent Ri^t Ascension of the sun or star ; 
increased by 24^ if necessary 

N 
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XVI. For computing the horary angle at the Pole, and 
the Zenith distance of a star when on the Prime vertical^ 
together with its Declination, and the Latitude of the place: 
any two of those quantities being given. 

1 cos P =: cot L . tan D 

. T> sinZ 

2 sm P = Tx 

cosD 

3 cot P = cos L . cot Z 

\ sin Z = sin P . cos D 

_ « sinD 

5 cos Z = -; — ^ 

sinL 

6 tan Z = cos L . tan P 

7 cos L = cot P . tan Z 
_ . T sinD 

8 sin L = rm 

cosZ 
9 cot L s cos P • cot D 

In these cases, the star must be on the same side of the 
equator as the observer: and its declination must not 
exceed the latitude of the place. 

When the declination of the star exceeds the latitude of 
the place, we shall have, at the moment when the vertical 
becomes a tangent to the circle of declination, 

10 cos P = tan L . cot D 

sinL 



11 cosZ=: 



sinD 



Z = the Zenith distance of the star 

P = the horary angle of the star at the Pole 

D = the Declination of the star 

L = the Latitude of the place 
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XVIL For computing the effect of atmospheric Refraction. 

1 r = a.tan(Z — 6r) 

2 r — -99918827 X c.tanZ — -001105603 x c.tan'Z 

In these formulae, Z denotes the apparent Zenith dis- 
tance ; and r is the Refraction required : a, by c are con* 
stants, to be determined from observations. 

No. 1 is Bradley's formula, who assumed a = 57" and 
6 = 3. Dr. Brinkley has proposed a = 56", 9 and & = 3*2 : 
but Mr. Groombridge prefers a = 58",133 arid b = 3-634-. 

No. 2 is Laplace's formula, reduced to its most simple 
terms. In the formation of the French Tables of refraction, 
c is assumed equal to 60",616; but M. Laplace has since 
proposed 60",66. This latter formula will not give the 
correct values for greater zenith distances than 74^ : at 
lower altitudes those Tables, as well as most others, are 
computed from more complex formulae. 

In the computation of Tables of refraction, a mean tem- 
perature and a mean pressure of the atmosphere are as- 
sumed. Let /3 denote the height of the barometer, t the 
height of the thermometer (Fahr.) attached thereto, and t 
the height of the thermometer in the air, which are as- 
sumed in the formation of the tables. Then, for any other 
height (j3') of the barometer, and for any other height (t') 
and {i!) of the thermometers, we have the following ex- 
pression, by which the mean refraction must be multiplied, 
in order to obtain the true refraction : viz. 

^ 1 1 

/3 ^ 1 4- '0020833 {f — t)^ I + -0001 (t' — r) 



Pages 9 J and 92 to be cancelled, and thu\ea£m%ette^ vx!i*V.t^- 
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XVIII. For computing the correction in time, to be ap- 
plied as an Equation to the mean of the times of observed 
Equal Altitudes of the sun : in order to obtain the time of 
its meridional passage. 



*'^48*» 



T / tanP tan L \ 

^ SO Vtan 7i T sinTiT/ 



T T 

ss S.tan D , . ^^ . — w. rp — 8. tan L , . . _ . — ^. rr> 
144-0 tan 7i T 1440 sin 7i T 



T 
Make . . ..> . ^. ^ = A 
1440 sm7i T 

T 

— B 

l440tan74T"" 



j^ss Hh A.S.tanL + B.S.tanD 



T ss the interval of Time between the observations, ex- 
pressed in hours 

L = the Latitude of the place of observation: (mintiSf when 
South) 

D s= the Declination, at the time of noon, on the given 
day : {minuSf when South) 
9 s the double daily variation in the declination, deduced 
from the noon of the preceding day to the noon of 
the following day : {mintiSi when the sun is proceed- 
uig towards the South) 

X ss the required correction, in seconds : where A is to be 
minus when the time of noon is required ; and plus 
when the time of midnight is required. 
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XIX. For computing the correction for the Reduction to 
the Meridian ; or the correction to be applied to the Zenith 
distances, observed near the meridian, in order to obtain 
the true meridional Zenith distance. 

gsin^jP cosL.cosD 2sin*^P /^ cosL.cosD \^ ^ ^. 
Sn^' sin(L-D)"*" sinl" V sin(L-D) j ^^^^^""^^ 

Make^?^ = A ^^^ = B 

sm 1" sm 1" 



. cosL.cosD 
x=. —Ax 

sm 



osL.cosD T> /cosL.cosDV /▼ t^x 

^— 7t rST + SX| -^-n tTv I xcot(L — D) 

m(L — D) V.sm(L — D)y ^ ' 



When the sun is the object observed, we must apply the 
following additional correction, 

E-W 



-8x 



n 



P = the correct horary angle of the star at the Pole, as 
shown by a well regulated clock ; which angle will 
change its sign after the meridional passage of the 
star 

L = the Latitude of the place 

D = the Declination of the star : {minus when South) 

I = the change of declinatidh in one minute of time : 
{minuSi when decreasing) 

£ ^ the sum of the horary angles observed to the East ; & 
W = the sum of the horary angles observed to the West 
of the meridian 

n = the Number of those observations 

X = the required correction, in seconds 
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XX. For computing the correction for the Reduction to 
the Solstice ; or the correction to be applied to the decli- 
nation observed on days near the solstice, in order to de- 
termine the obliquity of the ecliptic from observation. 

1 ^ = 2 sin^ i dM . cos D x . ,» 

^ sml" 

2tan*i§ ^ (^ , x\ 

2 X — — r— r|- X tan(D -f-j 

sm r' ^ 2' 

_ (3600)^ sin I^^ tan w ^ 

~ 2 y 

(3600)«sin*l"tan«) ,, . ^^^ : ,^^ ' .^ 
+ ^^ ^7Qo (H-30tan*w + 45tan*c«)8* 

In which latter equation, if we make w = 23°. 27'. 40" we 
have 

X = 13",634698«-(y',000541699 5* + 0",00000002898477 ^ 

and the variation, on account of the diminution of every 1" 
in the obliquity of the ecliptic, will be 

sin 2" 



sin 2 CO 



a:= —-0000132748^ 



dM,=i the distance of the sun's true Right Ascension, from 
the solstice, at the time of observation, converted 
into degrees 

I = the distance of the sun's true longitude, at the same 
time, converted also into degrees^ and decimal 
parts of a degree 

D = the observed Declination corrected for refrac- 
tion, &c. 

CO = the Obliquity of the ecliptic 

X = the required correction, in seconds 
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XXL For computing the Angle of the Vertical ; or the 
angle which should be deducted from the latitude of the 
place, in order to obtain the reduced latitude on a spheroid. 

Make a = 



2c'-(2c-i) =7 "^"••'y 



a , ^^ . a^ 



X = -: — -T. X sin 2 L + . -.. X ««in 4? L 
sin 1" sin 2'' 

= — — zTn X sin 2 L very nearly 

sin 1'' ^ ^ 



XXII. For computing the horizontal Parallax of the Moon 
at any given latitude of the earth, considered as a spheroid : 
the horizontal parallax at the equator being given. 

^ = P (l — fl.sin* L -f -^ X a^. sin* L . cos* L) 

= P (1 — fl.sin* L) very nearly. 

The quantity, within the parenthesis, denotes the radius 
of the earth at the given latitude ; or the distance from the 
centre of the earth to that point on the earth's surface : the 
radius at the equator being considered as unity. 

— = the Compression of the earth ; or the quantity by 
which the equatorial diameter (considered as unity) 
exceeds the polar 

L = the Latitude of the place 

X = the required Angle 

P = the horizontal Parallax at the equator 

'p = the required horizontal Parallax at the place 
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XXIIL For computing the Moon's parallax in Altitude. 



1 sinir a: sinp.sin(Z + ir) or 



T = p, sin (Z + ir) very nearly 



5 tanir =r 



_ sinjp.sinZ 



1 — sinp.cosZ 



or 



sini^.sinZ . sin'o.sin2Z . sin'jp.sinSZ ^ 
* '= All" + ring*' + sm3<* -^^ 

very nearly. 



When the apparent zenith distance (as affected by paral- 
lax) is known, we must make use of the formula 1 or 2. 
But, when we know only the true zenith distance, we must 
adopt the formula S or 4. 

The zenith distance on the meridian is = (L — D). 



P 
Z 

(Z + ^) 



IS =: 



the horizontal Parallax at the place 
the true Zenith distance of the moon 
the apparent Zenith distance of the moon, as 
affected by parallax 
the required Parallax 
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XXIV. For computing the longitude and co-latitude of 
the Zenith : or (as it is frequently termed) the longitude 
and altitude of the Nonagesimal. 



Make tan a = sin S.cot L 

. cos (a 4" «>) • T 

1 cos A = ^ sm L 

cos a 

2 sin N = tan (a + «) cot A 

^ ^ ^y sin (fl + «>) ^ ^ 

3 tan N = \--^ — '" tan S 

sma 

4 cot A = cot (a + ctf) sin N 



When S is between 80° and 100% or between 260® and 
280% the equations S and 4 will be the most proper for 
use. 



S = the Sidereal Time of observation : or the Right Ascen- 
sion of the meridian, converted into degrees 

L = the reduced Latitude of the place of observation : de- 
duced from Formula XXI. 

CO = the Obliquity of the ecliptic 

N == the required longi1;ude of the zenith, or of the Nona- 
gesimal 

A = the required co-latitude of the zenith, or Altitude of 
the nonagesunal 

o 
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XXV. For computing the Moon's parallax in Longitude 

and Latitude. 

1^. In Longitude. 

COSA 

fl! . sin ( )) — N ) 

1 tan n = ■; ^— 7-r ifT 

1 — a. COS ( J) — N) 

g.si n( D — N) a'.sin2( ]) — N) 
sinr' sin 2" 

a».8in8(^-N) 
^ sinS'^^ 



2"^. In Latitude. 

wi ^r co8( J — N -f in)tan A 

Make cot 6 = -•— ^ r-— — 

cos^n 



^ sinjp.cos A 



C s :r— r 

wnb 



c.sin(A — x) 

S tan flT = -; 7T TT 

1 — c.cos(6 — X) 



w 



_ c.8in(6— X) . c^8in2(ft— X) . c'.sin8(ft— x) « 
" sin 1" "^ sin 2" "*" sinS" +*^ 



D as the true longitude of the Moon 
N = the longitude of the zenith, or the Nonagesimal 
A = the co-lat. of the zenith, or the Altitude of the nonag. 
X sr the Latitude of the moon: {minus^ when South) 
p = the horizontal Parallax at the place^ by Form. XXII. 
n = the required Parallax in longitude 
«r = the required Parallax in latitude 
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XXyi. For computing the Moon's parallax in Right 

Ascension. 



Make a = '"^^'^^^^ 

cosD 



1 sinn = a.sin(P 4- n) 

2 n = ^^^^ ^ 



^jY" X sin (P -f n) very nearly 



3 tann = 



cos 

g.sinP 
1 — a.cosP 



„ a.sinP a*, sin 2 P . a^sinSP . ^ 
sinr' sm2" sin 3" 



When the apparent hour angle (as affected by parallax) 
is known, we must make use of the equation 1 or 2. But, 
when we know only P, we must adopt the equation 3 or 4. 



P = the true horary angle at the Pole ; or the true horaiy 

distance of the moon frotn the nieridian 
L = the reduced Latitude of the plac6 of observation, by 

Formula XXI* 
D = the true Declination of the moon : {minusj when 

:.>South) 
p ^ the horizontal Parallax at the plaee, by Form. XXII. 
n as the required Parallax in right ascension 

o2 



100 



tormuUe. 



XXVIL For oompatiiig die Moon's parallax in Dedina- 

tion. 



Make cot6 = 






co8(P + in)cotL 
cos^n 

sinji^sinL 
wnJ 



1 sin «r =: C.C08 (D + 6 — «) 



w = 



_ jp^sinL 



sin 



J- X cos (D + 6 — «) very nearly 



cr«8m(A — D) 
1 — c«cos(d — D) 



w 



c.8in(ft-D) , c»,sin2(ft-D) , g».sin3(ft-D) . . 



sinl 



sin^ 



sinS^ 



When the apparent declination (as affected by parallax) 
is known, we must make use of the equation 1 or 2. But^ 
when D only is known, we must adopt the equation S or 4. 



P = 
L = 

D = 



n B 



the true horary angle at the Pole 
the reduced Latitude of the place of observation, by 
Formula XXI. 

the true Declination of the moon: {minus^ when 
South) 

the horizontal Parallax at the place, by Form. XXII. 
the Parallax in right ascension, by Form. XXVI. 
the required Parallax in declination 
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XXVIII. For computing the. Augmentation of the Moon's 
semidiameter, on account of her altitude above the horizon : 
or the correction to be applied to her true semidiameter, 
in order to obtain her apparent semidiameter. 



1 j: = s« (-00001 7767 sin A) + ^ {'OOOOl 7767 sin A)^ 



2 .r = 5. sin «r. cot (6 — X) — •— sin* m 



s 
3 X = s.sin«r.cot(6 — D)— —sin^w 



In neither of these equations will the second term ever 
exceed 0'',15. And in the first equation, in lieu of the 
second term, we may always assume it equal to the first 
term, multiplied by '008379 sin A, without the risk of an 
error amounting to the y^^jth part of a second. 



5 SB the true Semidiameter of the moon 
A = the apparent Altitude of the moon 

{in equation 2, the Parallax in Latitude 
in equation 3, the Parallax in Declination 
X = the correction required 
{b — X) is determined by Formula XXV. 
{h — D) is determined by Formula XXVII. 
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XXIX. For computing the apparent distance between tbe 
centre of the Moon and of the sun^ or a star, when nev 
her. 



Make tao a = (M *-» S) x — 1^^ 7^ 



a = 

cosa 



M = the apparent longitude of the Moon 
S as the apparent longitude of the Sun or Star 
m s= the apparent latitude of the Moon 
5 s the apparent latitude of the Sun or Star 
dszihe required apparent Distance of the centres 



If we substitute the apparent Right Ascension and De- 
clination, for the apparent Longitude and Latitude re- 
spectively, the formula will still give the correct value 
of rf. 
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XXX. For computing the true place of the Moon by 
means of the equation of Second and Third Differences* 



Series. 


Ut Diff. 


MDiff. 


Sd Diff. /,ib ^f/ir- 


M' 








M" 


A' 


a 


9-' 




A" 




^ 


M'" 


A'» 


d" 


y 


M'" 






^ 


/f»-l. * A' 


. A(A-12) , 


d>+a> k{h- 


-12)(A->H). ^ 



12 ^ 2(12)« 2. • 2.3(12)* 



M', M", M'", M»^ = the place of the Moon (in Longitude 

or Latitude, Right Ascension or De- 
clination) at four successive equal in-> 
tervals, of 12 hours each, as shown 
by the ephemeris : and taken out so 
that the required place, M, may fall 
between M^' and M'" 
A', A", a'" = the successive Di£ferences between 

those values 
d\ d}^ ss the successive Differences between 
those first differences 
V = the Difference between those second 

differences 
h = the number of Hours firom the time, 

for which M" is computed 
M = the required place of the Moon 
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XXXI. For computing the Annual Precession of Uie 
Equinoxes in Longitude, Right Ascension and DeclinatioiL 
Also for computing the mean Obliquity of the Ecliptic, 
for any given year. 

P = 50",S40499-(y,0002435890 xy 

p^ 5(^,1 76068 -f 0",0002442966 X y 

m = 45",99592 + 0",0008086450 X y 

n = 20",05089 -0",0000970204 x y 

jx= 0", 17926 -0",0005820798xy 

«=:28^28M8",0 
« -f d« = 23^ 28'. 1 8^,0 + 0",0000098428 X ^ 
«-f da/=: 28°,28'. 18^0-0^48868 xy-0'',0000O272295 Xj/* 

Annual Prec. in ^ = m + n.sin ^.tan D 
Annual Prec. in D s n.cos^ 

» 

P s the annual lunisolar Precession in longitude 
p = the annual general Precession in longitude 
CO = the mean Obliquity of the ecliptic in 1 750 
dco = the variation of the angle of Xhi&Jixed ecliptic 
d(J == the variation of the angle of the moveable ecliptic 
m = (P.cosoj— ft) = the constant of the ann. prec. in J8. 
n = (P.sinco) = the constant of the ann. prec. in D 
JR. = the Right Ascension of the star 
D s= the Declination of the star 
y = the Years from 1750: plus after, negative before 
ft = the annual Motion of the equinoctial points along 
the« equator 
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XXXIL For computing the Nutation of the Obliquity of 
the Ecliptic, and of the Equinoxes in Longitude. Also for 
computing the Mass of the Moon. 

^«= [ + 9",648 cos a— 0",094.23 cos 2 ft -f 0",0939 cos2 ]) ] (1 +2) 

+ (0",49333— 1",2452 x »)sin20 

M-=[-18",0377sma+0",21707sin2a-0",21632sin2 J] (1 +z) 

— (1",1S645— 2",8686 X2)sin20 

I -hz 



Mass of the Moon = 



69-2376 — 178*2918 X« 



If we make 2; =: 0, we shall have the values as deter- 
mined by M. Laplace in the MSchaniqtie Celeste* But the 
recent determinations of Dr. Brihkley warrant the assump- 
tion of « = — '04125. Whence 

= + 9",250 cos a — 0",090 cos 2 ft + 0",545 cos 2 © + 0^,090 cos 2 J 

= — 1 7",298 smft + 0",208 sin 2 ft - 1 ",255 sin 2 © - 0",207 sin 2 J 

1 



Mass of the Moon = 



79-888 



ft = the mean longitude of the moon's Node 
]) = the true longitude of the Moon 
=: the true longitude of the Sun 
;s =: a quantity to be determined from observation 
Aa) = the required Nutation of the Obliquity 
AL = the required Nutation of Longitude : which is found 
by multiplying the first term of Am by 2cot2co9 
and the remaining terms by cot oo, then changing the 
signs of the quantities, and converting the cosines 
into sines. 
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XXXIIL For computing the Lunar and Solar Nutation 
of a star, in Right Ascension and Declination. 

NutiRss2XL(cosc0-f sinco.sin^.tanD)— Aoi.cosiR.tanD 
Nut Ds2XL.sinc0.cosiP«.-f Actf.siniR 

By assuming » = 2S^ 2T. M^i and the values of Aeo and 
AL as determined in Formula XXXII, we have 

Nut^= -(15",868+6",887sinA,tanD)sina 

— 9",250 cos A, tan D.cos j} 

+ (0",191 + 0",088 sin -31. tan D) sin 2 ft 
+ (^,090 cos ^. tan D • cos 2 i^ 

-(1",151 +0",5008inA.tanD)sin2O 

— 0",545cosiR.tanD.cos2 

- (0", 1 90 + 0",082 sin -31. tan D) sin 2 J> 

— 0",090cos^.tanD.cos2 J> 

NutD = -f 9",250 sin jR . cos a - 6",887 cos jR . sin a 

— 0",090 sin iR . cos 2 a -f 0",08S cos -31 • sin 2 ft 
-f 0",545 sin -31 . cos 2 O — 0",500 cos -31 . sin 20 
-f 0",090 sin jR . cos 2 )) -. 0",082 cos -31 . sin 2 J 

CO = the Obliquity of the ecliptic 
Ac0 = the nutation of the obliq. of Ecliptic ") by Form. 
AL = the nutation in Longitude J XXXII. 

JR = the Right Ascension of the star 

D = the DeclinatiDn of the star: {mintis when South) 

ft = the mean longitude of the moon's Node 

O = the true longitude of the Sun 

J> = the true longitude of the Moon 



Pormtda. 107 



XXXIV* For computing the Aberration of a star in Lon- 
gitude and Latitude ; and in Right Ascension and Decli- 
nation, 

Aber.inLon. = — A . cos ( O — L) • sec Z 

Aber.inLat = — A, sin(0— L).sin/ 

Aber. in jII= — A(siniR.sinO +cos»,cosjR.cosO)secD 

Aber. in D = — A(cos^.sin0— cos».siniR,cos0)sinD 

— A.sinco.cosQ.cosD 

If we assume A = 2(y',36, and eo = 23°. 27'. 40", we have 

Aber.iR = — (20",36 sin jR.sin© + 18",677 cosiR.cosO)secD 

Aber. D = — (20",36 cosiR.sin© — 18",677 sin ^.cos©) sinD 

— 8", 106 cos ©.cos D 

„ , . , . f jR = 0",309 cos «.cos P. sec D 
Dmmal Aber. m < _ ,, . nr. . ^ 

\ D = 0",309 cos«p.sm P.sinD 

= the true longitude of the Sun 
L = the Longitude of the star 
I = the Latitude of the star : {minus when South) 
M. =s the Right Ascension of the star 
D = the Declination of the star: {minm when South) 
CO = the Obliquity of the ecliptic 

A = the constant of Aberration : which has been usually 
assumed equal to 20",255; but more recently =:20",36 
f = the Latitude of the "place 
P = the hour angle at the Pole 

p2 
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XXXV. For oomputiiig the oonrecdons to be a{^Iied to 
the observed transit of a star on acoountof the error erf* the 
Clock, and on account of the three principal errors of the 
transit instrument, in Azimuth, in the Inclination of the 
axis, and in CoUimation; in order to obtain the correct 
apparent Right Ascension. 



Al = (T+dO + a.?i5-^ + i.:52ii^ + 



cos I COS I COS 8 



T s: the obsenred Time of transit, as shown by the clock 
At =s the correction for the error of the Clock : plus when 
the clock is too slam 

^ =s the Latitude of the place 

i = the Declination of the star: plus when Norths and 
minus when South, for the upper culminations; 
and mce versa for the lower culminations 

a 3 the deviation of the telescope in Azimuth : phtg^ 
when (pointing to the south) the vertical which it 
describes falls to the east ; and minus, when it falls 
to the west : and vice versa when pointing to the 
north 

b = the Bias or inclination of the axis of the telescope : 
pluSf when the west end of the axis is too high 

c = the error in CoUimation : plus, when the vertical, de- 
scribed by the optical axis of the telescope (pointing 
to the south), falls to the east; and minusj when it 
falls to the west : and vice versa when pointing to 
the north 
M. = the apparent Right Ascension required 
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v 



XXXVI. For computing the value (in time) of the co- 
efficients Oj bf Cfin the preceding Formula. 



* " eo [^^"^^^"^^"^^O 



where u/ and ^ denote respectively the values of u^ and e, after 
reversing the level. 

c = i(/'-0cosD4-i(y-ft)cos(<f>-D) 

where ^ and b' denote respectively the values of t and b, after 
reversing the siu/rumen^. 

By observations of a circumpolar star, 

_ 12»'-(T-T) &.cos(»-D)-y.cos(» + D) + 2g 
2 cos ^. tan D 2 cos ^. sin D 

where T' and d' denote respectively the values of T and b, at 
the lower culmination. 

By observations of a high and low star, 

a = r(T-T)-(Jl'-^)l X Z'^-Z'\, 
L ^ J cos<f.sm(8'— S) 

where T', MJ and V denote respectively the values of T, /R, 

and $ of the second star observed. 

d = the value of each Division of level, in seconds of space 
w = the inclination of the level to the West 

e = the inclination of the level to the East 
D = the Declination of the circumpolar star 

i =: the time oftheTransitofthe circumpolar star, deduced 
from an obs. at a ^ven side wire of the instrument. 
The other quantities are the same as in Formula XXXV. 

The values of a and c, when once determined, may be 
afte9*wards re-examined and corrected by means of a well 
divided meridian mark. If the level of the axis be well ad- 
justed, the quantities depending on b and ^ may be safely 
neglected. 



110 Farmula, 



XXXVII. For computing the Latitude of a place, from 
observations of the altitude of a star near tlie pole, at any 
time of the day. 

Make tan a = tan 2X .cos P 

. cosa . . 
sm If + a) = T- X sm A 

^^ ' COSiX 

f = ((f + fl) — a 

For tijlxed observatory, we have 
^ =: A — iX.cosP -f ~. sin* P. tan ^ 

+— .sin*P.cosP.tan*^ + — .sin^P.cosP 

Make « = — A. cos P 

^ = -f A«-sin«P.tan^.isinl" 
y = + (^cotf + tanf)sinl" 

^ = A + a-f ^ 4-a^y 

As the latitude is always supposed to be very nearly 
known in a fixed observatory, this series will be found very 
convenient ; in as much as not only y, but also the multi- 
plier (tanf.^sinl"), may be considered as constant quan- 
tities. 

A s: the apparent north polar Distance of the star 
P = the correct hour angle at the Pole 
A = the observed Altitude, corrected for refraction 
<p = the Latitude required 
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XXXVIII. For computing the Difference in the Heights 
of two places, by means of the Barometer. 

jp=c[l 4-K^+^-64°)a] X Q 4-ig.cos2f ] x [[l +^] 

X r(l+-^)>log ^/ri . / n-^ + -4^x2Ml 

LV ^r+h' °^[1+(t— t')?»] r + h J 

By expanding the last term, agreeably to the method 
adopted by M. Biot, and assuming the numerical values 
for the several quantities as below, we have 

x = 6034.5-51 X [1 + •00111111(^4-^-64^)1 

X log. of [| X Y^I^oo^^;;^:^] X [ 1 + -002695 cos 2 ^] 

c = a Constant determined by observation ; and which is 

here assumed equal to 60158*58 English feet 
g = theincr. of Grav, from equator to the poles, = '00539 
f s the latitude of the Place 
/3 = the height of the Barometer "j 

T = the Temperature (Fahr.) of the mercury Ut the lower 
/ =s the Temperature (Fahr.) of the air J 

p = the height of the Barometer T 

T* = the Temperature (Fahr.) of the mercury >**8^ti"PP^' 
if s= the Temperature (Fahr.) of the air J 

a =: the expansion of moist Air for 1° Fahr. = •0022222 
m = the expansion of Mercury for 1° Fahr. = '000 1 001 
r = Radius of the earth at f : assumed = 2Q898240 feet 
h = the Height of the lower station above the level of the 
sea : assumed = 4000 feet 
M = the Modulus of the common logarithms = *434294 
X = the Difference required, in English feet 



•t 
.J 



B|ps» //; and 112 to be cancelled, and tl^s leaC msetted mikV.c«^^^ 
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XXXIX. For computing the increase of Gravity from 
the equator to the poles, and thence the Compression of 
the earth, from the diiference in the lengths of two iso- 
chronous Pendulums, at different latitudes. 

P = tir + (n-.w)sin«L =w(l +^.8in«L) 
p = w + (n — w)sin*/ = w(l H-g.sin*/) 

,„ . l?-p 

y^-'^)- sin(L-/).5iu(L + /) 



tr 


n — 


V 


S 


fir 




I 

c 


2 


-g 



p. am* Li — P. sin'/ 



If we assume y = ^--^ we have 

— = -00865052 - g and c = ^^® 



c "^ 5 — 578 X g 

f = the ratio of the centrifugal Force at the equator, to 

the force of gravity there 
L = the Latitude of the place farthest from the equator 
I = the Latitude of the place nearest to the equator 
P = the length of the Pendulum at the latitude L 
p = the length of the Pendulum at the latitude / 
n = the length of the Pendulum at the pole 
-BJ = the length of the Pendulum at the equator 
g = the required increase of Gravity 

— = the required Compression of the earth 
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XLn For computing the increase of Gravity from the 
equator to the poles, and thence the Compression of the 
earth, from the difference in the number of Vibrations 
made in equal times, by an invariable pendulum, at dif- 
ferent latitudes. 



_ 2n ]I_J ^ • 9/ 

^ ^ N ^ sin(L-.Z).sin(L + /) + ^'^'" ^ 

N 
w = -o- X5'.sm(L-/).sm(L + /) x (l-^.sin«/) 



N s= the Number of vibrations in a day, made by the in- 
variable pendulum, at a given latitude I 

n = the additional Number of vibrations in a day, made 
by the same pendulum, and in the same time, at 
any other latitude L, greater than I 

g = the required increase of Gravity. The last term in 
this equation will never exceed -00003 

The other quantities are the same as in Formula XXXIX. 
and the Compression is found in a similar manner. 

In all these cases it is presumed that the vibrations of the 
pendulum are made at a given temperature, and at a given 
height of the barometer; that the arc described by the 
pendulum is infinitely small : and that the experiments are 
made in vacuo and at the level of the sea. Or that they 
are reduced to these several standards, by certain known 
methods of reduction, which will be explained in the next 
Formula. 
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XLI. For computing the corrections to be applied to the 
number of vibrations of an inrariable pendolum, on accomM 
of the amplitude of the Arc, the Rate of the dock, the Ex- 
pansion of the pendulum, the pressure of the Atmosphere^ 
and the Height of the place above the level of the sea. 

^ . . VT sin(A+a).sin(A— a) 

for Arc = + N. ,. w )i ^^ — \ =-^— x 

32 M. (log sm A— log sin a) 

for Rate = +N.ggj^I^ 

for Expan, = + N.i^(/'-«) 

Iff 1 

forAtm,=:-fN. — ts x^-x 



gfO^x'^^r^H. -002083 (/'-/) 



g 

1 + -OOO1(t'-0 
for Height = + N. ^ x x 

N ss the Numb, of vibrations in 24^ as shown by the clock 
A = the semi- Arc of vibration at the commencement 
a = the semi- Arc of vibration at the end 
M e= the logarithmic Modulus =3 2*302585093 
r = the Rate of the clock : minusj if losing 
|3 =s the height of the Barometer 1 assumed as standards 
t = the Temp. (Fahr.) of the air J for the specific gravity 
i = the Temp, (Fahr,) assumed as a standard for the pend. 
|3' =s the height of the Barometer ^ 
t = the Temperature of the air > during the vibrations 
t' = the Temp, of the mercury J 
G = the spec. Grav. of the pend. ") compared with water 
g = the specific Grav. of the air J considered as unity 
h = the Height of the place, above the level of the sea 
R =: the Radius of the earth, at the latitude of the place 
^ = a quantity determined from theory : assumed by 
Dr. Young, from '50 to -75 



FonrnddB. ' 115 

i 

t XLIL For computang the princ^al geodetical quanfitieS} 
i ^c^ending on the ^h(^roidical figure q( the earth, at any 
F gvfen latitude. 

EUipticity of the earth ... . e^ (?!r^) i- (i_ ?_] i 



Normal, endinir at minor axis n=-T- 5 — . ^^ ^t 

Normal, ending at major axis N = n ( 1 — ^*) 

Tangent, ending at minor axis ^=n.cotL 

Tangent, endingat major axis T=n.tan L.(l ^e^) 

Radius of the parallel • • • ^ = ^ • cos L 

Radius of curvature of merid. R = -^ ( 1 — ^') 

Radius of the earth . . . r=n(l— ^).(1— ^*.sin*L) 

Length of arc of meridian . dM=«.(l— ^*)dL =N.dL 

Do. perpendicular to do. • . dPsn.dL 



a =s the semi-axis major of the earth 

b sz jthe semi-axis minor of the earth 

- = the Compression of the earth = 1 — — 
c ^ a 

L = the given Latitude 



Q2 



\Ui 



X lAlU For c^imputing the iengdi of a d e g^^tt ir Lav- 
tiiilfi nncl I/fttitude at any point oo die sarfaft of 

c'otiNMl<!ri?<l fiN nil ellipsoid; the lei^tfa of x 

t«(|iifilor iNsing considered as unity, and die Ccncrssaic of 

llin <!firlli iHiing given. 



c ^ 2c^ r 



Di'g. (ifl^ong. = cottL(l 4-i^*8in'L4-f ^an*L-f-&c) 



Dog. of I.at. =3 1 -f- Jc'sin«L-l-i±^sin*L+&c 



^ ■■ ilir Kccentricity of tlie ellipse formmg the ellipsoid 

■■ the C'OinpreSHion of the earth 

Irf m ilui Lalitudo of the given point, which is assumed to 
lu) c*(iiiidi8tiint from the ends of the degree of Lati- 
tiule reciuired 
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XLlV, For computing the Eccentricity and Compression 
of the Earth, from the lengths of two measured arcs of the 
meridian, differing from each other in latitude. 



^ = —2 2 ^— nearly 

rf^sin'Z-D^sin'L 



^ (/*sin«/-D3^sin«L 
c = 2 X 5 --4 nearly 



I = the degree of Latitude nearest to the equator 
L = the degree of Latitude farthest from the equator 
d = the measure of a Degree, of which I is the middle point 
D = the measure of a Degree, of which L is the middle point 
e = the required Eccentricity of the ellipse, forming the 
ellipsoid 

— = the required Compression of the earth 



In these formulae, the values of L and / denote respec- 
tively the latitude of the middle points of the degrees in 
question. 
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XLV. For computing the Equations dq)ending on the 
theory of the elliptical motion of the planets. 



a« = ft« + e^ 



a 



tan' i / = — : — tan* i x 



a* — ^ , sm J? 

r = 7 = a 4- ^.cosj? = b. -^ — r 

a«~^«cos^ sui/ 



a = the semi-axis major of the orbit; generally assumed 
equal to unity : in which case, b^ e and r must be 
taken proportional thereto 

b = the semi-axis minor of the orbit 

e = the Eccentricity of the orbit 

r = the Radius vector of the planet 

w = the Mean anomaly 1 , _ . , ., ,. 

^, rn 1 r reckoned from the penbehon 

t = the True anomaly J ^ 

X = the Eccentric anomaly = (m^t). The determination 
of this quantity, from which the others are deduced, 
is one of the most difficult in the science of astro- 
nomy : and can only be obtained by approximation. 
It goes by the name of Kepler's Problem 



K^- 



Formula. 119 



XLVI. For computing d^e greatest Equation of the centre, 
the Eccentricity being given: and vice versa. Also for 
computing, at that time, the eccentric anomaly; and thence, 
the true and the mean anomaly. 



T7 o . 11 ^ . 599 , . 17219 , , 3 



,-iF 11 ps 587 y, M5S3 y. 



coso' =: - i^ - i.f e»-i.|-/^ e* - f f .^-Vlle' - &c. 

^ 5 , 1 — cos J7 

tan**^? = 

'^ 1 + cos.r 

1 -e 



tan 



it = :; tan^i^? 

^ 1 + ^ 



7» = -r + e . sm 47 



E = tlie greatest Equation of the centre, =zin — t 
e = the Eccentricity of the orbit, the semi-axis major 

being considered as unity 
x' = the Eccentric anomaly 

m = the Mean anomaly 
^ = the True anomaly 



- wie» 119 and 120 to he cancelled and these two leaves insetledVosXea^. 
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XL VIII. To determine the true distance of the Moon from 
Ae Sun (or a Star), the apparent distance, together with 
the apparent altitudes of the Moon and the Sun (or Star.) 
being given. 

Make /3 = ^(A + H + A) 

cos H'. cos A' ^^ 



sma = 



(fl ity ^xCOSli'.COSA'\ 
cos p. COS (p — A) T= I 
^ COS H. COS ^ / 



cosi(H' + A') 



sin ^ J? = cos \ (H' + Ji^ cos a 



H = the apparent^ , . , ^ , , , 
TT, 1 >altitude of the Moon 

H' = the true J 

h = the apparent"! , . , ^ , ci c 

-, , > altitude of the Sun, or Star 

Iv = the true J 

A = the apparent Distance 

X = the true distance required 



N.B. The true altitude is easily deduced from the apparent 
altitude, by subtracting the refraction, and (in the case 
of the Moon and Sun) adding the parallax in altitude. 






J 



TABLE I. 
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Latitude and Longitude of various places, where astrono- 
mical observations have been made. 



Places. 



Abo Obs. 

Alexandria 

Altona .... Obs. 

Amsterdam 

Archangel . . . . . 

Bagdad 

Barcelona . . . . « 
Berlin .... Obs. 
Bordeaux ...... 

Breslau 

Brussels 

Buda 

Bushey Heath . . Obs. 

Cadiz 

Cairo 

Calcutta 

Cambridge . . . Obs. 
Cape of Good Hope . Obs, 

Coimbra 

Constantinople .... 
Copenhagen ..... 

Dantzig 

Dijon 

Dorpat .... Obs. 

Dublin .... Obs. 

Edinburgh . . . Obs. 
Florence ...... 

Geneva .... Obs. 

Genoa 

Gotba .... Obs. 
Gottingen . . . Obs. 
Greenwich . . . Obs. 

Kcw Obs. 

Konigsberg . . . Obs. 



Latitude. 



+ 60 27 
-f 31 13 6 
+ 53 32 51 
-I- 52 22 17 
-f 64 34 
■f 33 19 40 
+ 41 21 44 
■f 62 31 45 
+ 44 50 14 
+51 6 30 
+ 50 50 59 
+ 47 29 44 
+ 51 37 44 
+ 36 32 
+30 3 21 
+ 22 34 15 
+ 52 12 43 
— 33 55 42 
+ 40 12 30 
+41 1 27 
+ 65 41 4 
+ 64 20 48 
+ 47 19 25 
+ 58 22 47 
+ 53 23 13 
+ 55 50 42 
+ 43 46 41 
+ 46 12 
+ 44 25 
+ 50 66 8 
+ 61 31 50 
+ 61 28 40 
+ 61 28 37 
+ 64 42 12 



Longitude. 



h m 8 

- 1 29 10 

- 1 69 41 

- 39 60 

- 19 33 

- 2 42 62 

- 2 67 39 
+ 8 40 

- 63 29 
+ 2 16 
-18 9 

- 17 29 

- 1 16 JO 
+ 1 21 
+ 25 9 

- 2 6 13 

- 6 63 44 

- 30 

- 1 13 32 
+ 33 38 

- 1 65 41 

- 60 20 

- 1 14 31 

- 20 8 

- 1 46 48 
+ 26 22 
+ 12 49 

- 46 3 

- 24 38 

- 35 62 

- 42 56 

- 39 46 


+ 013 
-- 1 21 67 



Mi 



Table L continued. 



I'Ihcct. 


Latituile. 


Lonpitiulc. 


LilicnthBl '. . . . . 


+ M 8 30' 


— 3j 37 


Ltithom ... 


+ 43 33 5 
+ 3» 42 24 


— 41 7 


Li.bon .... 


Ob». 


+ 36 16 


I^ndun (St. I>au1'ii) 




+ fit 30 49 


+ £3 


MBdr».(KI«pi«(I) 




+ 13 C 


— 3 21 38 


MuilriJ . . . 




+ 40 31 fi? 
+ 40 20 18 


+ IS 9 


Mu>i)ii-ii» . . . 


Ob. 


— 33 52 


MnnciHc* . . . 


Obt 


+ 43 17 49 


— 21 39 


Mciiro . . . 




+ 19 25 45 

+ 45 28 2 


-+- 6 36 31 
— 36 46 


MiUn ..... 


Obs 




Ota 


+44 55 


— 5 23 


Nnplcs .... 




+ 40 50 15 
+ 51 45 39 


— 67 3 
-1-0 5 1 


Ojiford .... 


Ob» 


PBtenno .... 


Ota 


+ 38 44 


- 53 28 


PurunattB . . . 


Obs 


- 33 48 45 


-10 4 3 


Pari! 


Obs 


+ 48 50 14 


- 9 21 


Pclcin 


Ota 


+ 39 54 13 


- 7 45 51 






+ 59 56 23 


— 2 I 15 


Pliiladelphin .... 


+ 39 56 65 


+ 3 46 

- 57 41 
+ 4 44 39 
+ 5 J6 

- 49 59 
+ 2 24 


Prague 


+ .^0 5 19 
+ 41! 47 30- 
— 13 17 


Quebec 


Quito ■ 


Home .... 


+ 41 53 54 

+ 51 30 20 


Slough .... 


Oba 


Stockholm . . 




+ 5!) 30 31 


— 1 12 14 


Toulouse 


+ 43 36 4fl 


— 3 46 


Tubingen .... 


Obs 


+ 48 31 10 


- 36 14 






+ 45 4 

+ .55 54 38 


- 30 41 

- 50 52 


Uranibiirg , . . 


Obs 


Verona .... 


Ota 


+ 45 26 7 


- 44 5 


Vienna .... 


Obs 


+ 48 12 40 


- 1 5 31 


Viviers .... 


Obs 


+ 44 29 14 


- 18 44 


Wilno .... 




+ 54 41 2 


- 1 41 12 





In the column or Latitudea the sign p/Mdenolei North; and the atgn 
mimu. South. In the column of Longitudea the ugn ])lu* denotes West j 
and the sign minut, Ea»t, from Greenwich, 



TABLE 11. 

Mean Right Ascension of the Sun. 
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January. 


Si 




February. 


Si 

5 


March. 


Si 
9 


1 


h tn 8 

18 40 0,000 


20 42" 13*,215 


22 32 36,765 


2 


43 56,555 





46 9,771 


5 


36 33,320 


9 


3 


47 53,111 





50 6,326 


5 


40 29,875 


9 


4 


51 49,666 





54 2,881 


5 


44 26,431 


9 


5 


55 46,221 




57 59,437 


5 


48 22,986 


9 


6 


59 42,777 




21 1 55,992 


5 


52 19,541 


9 


7 


19 3 39,332 




5 52,547 


5 


56 16,097 


10 


8 


7 35,887 




9 49,103 


6 


23 12,652 


10 


9 


11 32,443 




13 45,658 


6 


4 9,207 


10 


10 


15 28,998 




17 42,213 


6 


8 5,763 


10 


11 


19 25,553 


1 


21 38,769 


6 


12 2,318 


10 


12 


23 22,109 


2 


25 35,324 


6 


15 58,873 


10 


13 


27 18,664 


2 


29 31,879 


6 


19 55,429 


10 


14 


31 15,219 


2 


33 28,435 


6 


23 51,984 


11 


15 


35 11,775 


2 


37 24,990 


7 


27 48,539 


11 


16 


39 8,330 


2 


41 21,545 


7 


31 45,095 


11 


17 


43 4,885 


2 


45 18,10J 


7 


35 41.650 


11 


18 


47 1.441 


2 


49 14,656 


7 


39 38,205 


11 


19 


50 57,996 


3 


53 11,211 


7 


43 34,761 


11 


20 


54 54,551 


3 


57 7,767 


7 


47 31,316 


11 


21 


58 51,107 


3 


'fifH 1 4,322 


7 


61 27,871 


12 


22 


20 2 47,662 


3 


5 0,877 


8 


55 24,427 


12 


23 


6 44,217 


3 


8 57,433 


8 


59 20,982 


12 


24 


10 40,773 


3 


12 53,988 


8 


3 17,537 


12 


25 


14 37,328 


4 


16 50,543 


8 


7 14,093 


12 


26 


18 33,883 


4 


20 47,099 


8 


11 10,648 


12 


27 


22 30,439 


• 

4 


24 43,654 


8 


15 7,203 


12 


28 


26 26,994 


4 


28 40,209 


9 


19 3,759 


13 


29 


30 23,549 


4 






23 0,314 


13 


30 


34 20,105 


4 






^^ 56,869 


13 


31 


38 16,660 


4 






30 53,425 


13 



In Leap years, enter the table, in January and February, with the 
given date, mmtu unity. 
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Table IL amtiniied. 





April. 


13 


May. 


18 


June. 


21 


1 


h m • 

34 49^)80 


h m s 

2 Xi 6,640 


h m • 
4 35 10,855 




38 40,5:W> 


13 


37 3,195 


18 


39 16,410 


SI 


3 


42 43,091 


14 


40 59,750 


18 


43 12,906 


21 


4 


4(> 39,GUi 


14 


44 56,306 


18 


47 9,521 


22 


5 


50 :m>,201 


14 


48 52,861 


18 


61 6,076 


22 


G 


54 3i,7:>7 


14 


52 49,416 


18 


55 2,632 


22 




58 29,312 


14 


56 45,972 


18 


58 59,187 


22 


8 


1 2 2:>,8()7 


14 


3 42,527 


19 


6 2 55,742 


22 


9 


f5 o.> dvw 


14 


4 3S),082 


19 


6 52,298 


22 


10 


10 18,978 


15 


8 35,638 


19 


10 48,853 


22 


11 


14 15,533 


15 


12 32,193 


19 


H 45,408 


23 


12 


18 12,088 


15 


16 28,748 


19 


18 41,964 


23 


13 


22 8,(J44 


15 


20 25,304 


19 


22 38^19 


23 


14 


26 5,199 


15 


24 21,859 


19 


26-35,074 


23 


15 


30 1,754 


15 


28 18,414 


20 


30 31,630 


23 


16 


33 58,310 


15 


32 14,970 


20 


34 28,185 


23 


17 


37 54,865 


16 


36 11,525 


20 


38 24,740 


23 


18 


41 51,420 


16 


40 8,080 


20 


42 2l;296 


24 


19 


45 47,976 


16 


44 4,636 


20 


46 17,851 


24 


20 


49 44,531 


16 


48 1,191 


20 


50 14,406 


24 


21 


53 41,086 


16 


51 57,746 


20 


54 10,962 


24 


22 


57 37,642 


16 


55 54,302 


21 


58 7,517 


24 


23 


2 1 3i,197 


16 


59 50,857 


21 


6 2 4,072 


24 


24 


5 30,752 


17 


4 3 47,412 


21 


6 0,628 


24 


25 


9 27,308 


17 


7 43,968 


21 


9 57,183 


25 


26 


13 23,863 


17 


11 40,523 


21 


13 53,738 


25 


27 


17 20,418 


17 


15 37,078 


21 


17 50,294 


25 


28 


21 16,974 


17 


19 33,634 


21 


21 46,849 


25 


29 


25 13,529 


17 


23 30,189 


21 


25 43,404 


25 


30 


29 10,084 


17 


27 26,744 


21 


29 39,960 


25 


31 






31 23,300 


21 




^« 



Table IL continued. 
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July. 


25 


August. 


Si 
30 


September. 


Si 

35 


1 


h m g 

6 33 86,515 


h m • 

8 35 49,731 


h m 8 

10 38 2,946 


2 


37 33,070 


26 


39 46,286 


30 


41 59,501 


35 


3 


41 29,626 


26 


43 42,841 


30 


45 56,057 


35 


4 


45 26,181 


26 


47 39,397 


30 


49 52,612 


35 


5 


49 22,736 


26 


51 35,952 


31 


53 49,167 


35 


6 


53 19,292 


26 


55 32,507 


31 


57 45,723 


35 


7 


57 15,847 


26 


59 29,063 


31 


11 1 42,278 


35 


8 


7 1 12,402 


27 


9 3 25,618 


31 


5 38,833 


36 


9 


5 8,958 


27 


7 22,173 


31 


9 35,389 


37 


10 


9 5,513 


27 


11 18,729 


31 


13 31,944 


37 


11 


13 2,068 


27 


15 15,284 


32 


17 28,499 


37 


12 


16 58,624 


27 


19 11,839 


32 


21 25,055 


37 


13 


20 55,179 


27 


23 8,395 


32 


25 21,610 


37 


14 


24 51,734 


27 


27 4,950 


32 


29 18,165 


38 


15 


28 48,290 


28 


31 1,505 


32 


33 14,721 


38 


16 


32 44,845 


28 


34 58,061 


32 


37 11,276 


38 


17 


36 41,400 


28 


38 54,616 


32 


41 7,831 


38 


18 


40 37,956 


28 


42 51,171 


33 


45 4,387 


38 


19 


44 34,511 


28 


46 47,727 


33 


49 0,942 


38 


20 


48 31,067 


28 


50 44,282 


33 


52 57,497 


38 


21 


52 27,622 


28 


54 40,837 


33 


56 54,053 


39 


£2 


56 24,177 


29 


58 37,393 


33 


12 50,608 


39 


23 


8 20,733 


29 


10 2 33,948 


33 


4 47,163 


39 


24 


4 17,288 


29 


6 30,503 


33 


8 43,719 


39 


25 


8 13,843 


29 


10 27,059 


34 


12 40,274 


39 


26 


12 10,399 


29 


14 23,614 


34 


16 36,829 


39 


27 


16 6,954/^ 


29 


18 20,169 


34 


20 33,385 


39 


28 


20 3,509 


29 


22 16,725 


34 


24 29,940 


40 


29 


24 0,065 


30 


26 13,280 


34 


28 26,495 


40 


30 


27 56,620 


30 


30 9,835 


34 


32 23,851 


40 


31 


31 53,175 


30 


34 6,391 


34 
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Table II. continiiecL 



October. 


9> 
40 


November. 


45 


December. 





1 


h m 1 

12 36 19,606 


h m g 

14 38 32,821 


h m • 
16 36 49,481 


49 


2 


40 16,161 


40 


42 29,377 


45 


40 46,037 


49 


3 


44 12,717 


40 


46 25,932 


45 


44 42,592 


4S 


4 


48 9,272 


40 


50 22,487 


45 


48 39,147 


4S 


5 


52 5,827 


41 


54 19,043 


45 


52 35,703 


60 


6 


56 2,;J83 


41 


58 15,598 


45 


56. 32,258 


50 


7 


59 58,938 


41 


15 2 12,153 


45 


17 28,813 


50 


8 


13 3 55,493 


41 


6 8,709 


46 


4 25,369 


50 


9 


7 52,049 


41 


10 5,264 


46 


8 21,924 


50 


10 


11 48,604 


41 


14 1,819 


46 


12 18,479 


50 


11 


15 45,159 


41 


17 58,375 


46 


16 15,035 


50 


12 


19 41,715 


42 


21 54,930 


46 


20 11,590 


51 


13 


23 38.270 


42 


25 51,485 


46 


24 8,145 


51 


14 


27 34,825 


42 


29 48,041 


46 


28 4,701 


51 


15 


31 31,381 


42 


33 44,596 


47 


32 1,256 


51 


16 


35 27,936 


42 


37 41,151 


47 


35 57,81 1 


51 


17 


39 24,491 


42 


41 37,707 


47 


39 54,367 


51 


18 


43 21,047 


43 


45 34,262 


47 


43 50,922 


51 


19 


47 17,602 


43 


49 30,817 


47 


47 47,477 52 1 


20 


51 14,157 


43 


53 27,373 


47 


51 44,033 


52 


21 


55 10,713 


43 


57 23,928 


48 


55 40,588 


52 


22 


59 7,208 


43 


16 1 20,483 


48 


59 37,143 


52 


23 


14 3 3,823 


43 


5 17,039 


48 


18 3 33,699 


52 


24 


7 0,379 


43 


9 13,594 


48 


7 30,254 


52 


25 


10 56,934 


44 


13 10,149 


48 


11 26,800 


53 


26 


14 53,489 


44 


17 6,705 


48 


15 23,365 


53 


27 


18 50,045 


44 


21 3,260 


48 


19 19,920 


53 


28 


22 46,600 


44 


24 59,815 


49 


23 16,475 


53 


29 


26 43,155 


44 


28 56,371 


49 


27 13,030 


53 


30 


30 39,711 


44 


32 52,926 


49 


31 9,586 


53 


31 


34 36,266 


44 






35 6,141 


53 



TABLE III. 

Oirrection to be added to the values ii 



Year 


CoiTcction 


Si 


Year 


Correction 


a 


Year 


Correction 


ft 


ClgOO 


3 33^3 


92 


1834 


2™ 38,004 


265 


B 1868 


5 38.569 


438 


ISOl 


2 36,686 


39 


1835 


1 40,697 


212 


1869 


4 41,262 


385 


IBOS 


1 39,380 


985 


B1836 


4 39,945 


158 


1870 


3 43,956 


331 


1803 


42,073 


931 


1837 


3 42,638 


104 


1871 


2 46,649 


277 


B1804 


3 41,321 


877 


1838 


2 45,332 


50 


B 1872 


5 45.897 


224 


1805 


3 44,014 


824 


1839 


1 48.035 


997 


1873 


4 48.590 


170 


1806 


1 46,708 


770 


B 1840 


4 47,273 


943 


1874 


3 51,284 


116 


1807 


49,401 


716 


1841 


3 49,966 


890 


1873 


2 53.977 


63 


B 1808 


3 48,649 


663 


1842 


2 52,660 


836 


B1876 


5 53,225 


9 


.TO 


2 51,342 


609 


1843 


1 55,353 


782 


1877 


4 55,918 


955 


1810 


1 54,036 


555 


B1844 


4 54,601 


728 


1878 


3 58,612 


901 


1811 


56,789 


501 


1845 


3 57,294 


675 


1879 


3 1,305 


848 


B1812 


3 55.977 


448 


1846 


2 59.988 


631 


BI880 


6 0,553 


794 


1813 


2 58.670 


394 


1847 


2 2,681 


567 


1881 


5 3,246 


740 


1814 


2 1,364 


340 


B1848 


5 1,939 


513 


1882 


4 5,940 


687 


1815 


1 4,057 


287 


1H49 


4 4.622 


460 


1883 


3 8,633 


633 


B 181b 


4 3,305 


233 


1850 


3 7.316 


406 


B1884 


6 7,881 


579 


1817 


3 5,998 


179 


1851 


2 10,009 


352 


1885 


5 10,574 


526 


1818 


2 8,692 


135 


B1852 


5 9,257 


299 


1886 


4 13,268 


472 


1819 


1 11.385 


72 


1853 


4 11.950 


345 


1887 


3 15,961 


418 


B1820 


4 10,633 


18 


1834 


3 14,044 


191 


B1888 


6 15,209 


364 


1831 


3 13,326 


963 


1855 


2 17.337 


138 


1889 


5 17,902 


311 


1822 


2 16.020 


910 


a 1856 


5 16,585 


84 


1890 


4 20,596 


257 


1833 


1 18,713 


856 


1857 


4 19.278 


30 


1891 


3 33,289 


302 


B1824 


4 17,961 


802 


1858 


3 31.972 


976 


Bia92 


6 23,537 


149 


1825 


3 20.654 


749 


1859 


2 24.665 


923 


1893 


5 35,230 


95 


1838 


2 23,348 


695 


B1860 


5 23.913 


869 


1894 


4 27.924 


41 


1827 


I 26,041 


S41 


1861 


4 26,606 


814 


1895 


3 30.617 


988 


B1828 


4 25,289 


587 


1862 


3 29.300 


761 


B 1896 


6 29,865 


934 


1829 


:t 27.982 


534 


1863 


2 31,993 


707 


1897 


5 32.558 


880 


1830 


2 30,676 


480 


B1864 


5 31,241 


653 


1898 


4 35.252 


826 


1831 


1 33,369 


426 


1865 


4 3.%934 


600 


1899 


3 37,945 


773 


B1832 


4 32,617 


373 


1866 


3 36.628 


546 


C1900 


2 40,638 


719 


1833 


3 35,310 


319 


m? 


2 39,321 


492 









lu TABLE IV. 

Correction for the Lmar Nutation. 
Argument = The mean place of the Moon's nod& 



a. 


BqUBliuii. 


a, 


Equation. 


500 





- 0,000 


fiDO 


1000 


+ 0,000 


4W) 


10 


0,063 


510 


990 


0.068 


480 


80 


0,189 


580 


980 


0,136 


470 


:to 


0,193 


530 


970 


0,803 


400 


40 


0,)!57 


540 


960 


0,S6S 


4M 


fiO 


0,31 f) 


550 


950 


0,334 


440 


60 


o,;wi 


560 


940 


0.398 


430 


70 


0,441 


670 


930 


0,460 


420 


m 


0,4im 


580 


930 


0^80 


410 


m 


0,li55 


590 


910 


0^-8 


400 


100 


0.610 


600 


900 


0,634 


.UW 


110 


0,8(13 


610 


890 


0.68? 


.■WO 


130 


0.7 H 


080 


880 


0.737 


370 


l.TO 


0.758 


G30 


870 


0,784 


noo 


140 


0^03 


640 


800 


0,888 


:uD 


150 


0,844 


(150 


850 


0,868 


340 


160 


0.888 


660 


840 


0,905 


330 


170 


0,910 


670 


830 


0,938 


330 


IHO 


0,947 


690 


880 


0,967 


310 


ino 


0.975 


690 


910 


0,992 


300 


^00 


Ofim 


700 


900 


1,014 


mo 


210 


1,019 


710 


790 


1,031 


890 


S20 


1,034 


780 


780 


1,044 


870 


230 


1,040 


730 


770 


1,053 


2fi0 


240 


1,054 


740 


760 


1,057 


8:>o 


250 


- 1,059 


750 


750 


+ 1.068 



TABLE V. 

Correction for the Solar Nutation. 
Aliment = Sun's true longitude. 



o 


Equation. 


o 1 


270 


180° 


90*' 


o" 


- o'ooo + 


90° 


180° 


270 


360" 


2G7 


183 


87 


3 


0.008 


93 


177 


273 


357 


264 


18« 


84 


6 


0,016 


96 


174 


276 


354 


36i 


180 


81 


9 


0,024 


99 


171 


279 


351 


258 


193 


78 


12 


0,031 


102 


168 


282 


348 


255 


195 


75 


15 


0,038 


105 


165 


285 


345 


252 


198 


72 


18 


0,045 


108 


102 


388 


343 


249 


201 


69 


31 


0,051 


in 


159 


291 


.139 


246 


204 


CO 


24 


0,057 


114 


156 


294 


336 


243 


207 


63 


27 


0,062 


117 


153 


297 


333 


240 


310 


60 


30 


0,066 


120 


150 


300 


330 


237 


213 


57 


33 


0,070 


123 


147 


303 


327 


234 


216 


54 


36 


0,073 


126 


144 


306 


324 


231 


219 


51 


39 


0,075 


129 


141 


309 


331 


228 


232 


48 


42 


0,076 


132 


138 


312 


318 


£25 


225 


45 


45 


- 0,077 + 


135 


135 


315 


315 



1S3 TABLE VL 

For converting sidereal into mmn tolar time. 



Hours. 


Minutes. 


Seconds. 


1 m • 

1 9,830 


1 


o',164 


31 


6,079 


1 


0,003 


31 


0,085 


2 


19,659 


2 


0,328 


32 


5,242 


2 


0,005 


32 


0,087 


3 


29,489 


3 


0,491 


33 


5,406 


3 


0,00S 


33 


0,090 


4 


39,318 


4 


0,655 


34 


6,570 


4 


0,011 


34 


0,093 


5 


49,148 


5 


0,819 


35 


5,734 


5 


0,014 


35 


0,096 


6 


58,977 


6 


0,983 


36 


5,898 


6 


0,016 


36 


0,098 


7 


1 8,807 


7 


1,147 


37 


6,062 


7 


0,019 


37 


0,101 


8 


1 18,636 


8 


1,311 


38 


6,225 


8 


0,022 


38 


0,104 


9 


1 28,466 


9 


1,474 


39 


6,389 


9 


0,025 


39 


0,106 


10 


1 38,296 


10 


1,638 


40 


6,553 


10 


0,027 


40 


0,109 


11 


1 48,125 


11 


1,802 


41 


6,717 


11 


0,030 


41 


0,112 


12 


1 57,965 


12 


1,966 


42 


6,881 


12 


0,033 


42 


0,115 


13 


2 7,784 


13 


2,130 


43 


7,044 


13 


0,036 


43 


0,118 


14 


2 17,614 


14 


2,294 


44 


7,208 


14 


0,038 


44 


0^20 


15 


2 27,443 


15 


2,457 


45 


7,372 


15 


0,041 


45 


0,123 


16 


2 37,273 


16 


2,621 


46 


7,536 


16 


0,044 


46 


0,126 


17 


2 47.103 


17 


2,785 


47 


7,700 


17 


0,047 


47 


0,128 


18 


2 56,932 


18 


2,949 


48 


7,864 


18 


0,049 


48 


0,131 


19 


3 6,762 


19 


3,113 


49 


8,027^ 


19 


0,052 


49 


0,134 


20 


3 16,591 


20 


3,277 


50 


8,191 


20 


0,055 


50 


0.137 


21 


3 26,421 


21 


3,440 


51 


8,355 


21 


0,057 


61 


0,140 


22 


3 36,250 


22 


3,604 


52 


8,519 


22 


0,060 


52 


0,142 


23 


3 46,080 


23 


3,768 


53 


8,683 


23 


0,063 


53 


0,145 


24 


3 55,909 


24 


3,932 


54 


8,847 


24 


0,066 


54 


0,148 






25 


4,096 


55 


9,010 


25 


0,068 


55 


0,150 






26 


4,259 


56 


9,174 


26 


0,071 


56 


0,153 






27 


4,423 


67 


9,338 


27 


0,074 


57 


0,156 






28 


4,587 


58 


9,502 


28 


0,076 


58 


0,159 






29 


4,751 


59 


9,666 


29 


0,079 


59 


0,161 






30 


4,915 


60 


9,830 


30 


0,082 


60 


0,164 



TABLE VIL 133 

For oQDveiting neaa tolar into sidereal time. 



Hou,.,. 


Minutes. 


Seconds. 


1 


9.836 


1 


(1,164 


31 


5,093 


1 


0.003 


31 


0,085 


2 


19.713 


3 


0,329 


32 


5.257 


3 


0,003 


33 


0,087 


3 


^,669 


3 


0,493 


33 


5,431 


3 


0.008 


33 


0,090 


4 


39,436 


4 


0,657 


34 


6.585 


4 


0,011 


34 


0,093 


5 


49.S83 


5 


0,821 


35 


6.750 


6 


0,014 


35 


0,096 


6 


59.139 


6 


0,986 


36 


5,914 


6 


0,016 


36 


0,098 


7 


1 8,995 


7 


1,150 


37 


6,078 


7 


0,019 


37 


0,101 


8 


1 18,853 


8 


1.314 


38 


6,242 


8 


0,033 


38 


0,104 


9 


1 28,708 


9 


1,478 


39 


6,407 


9 


0,025 


39 


0,106 


10 


I 38,565 


10 


1.643 


40 


6,571 


10 


0.027 


40 


0.109 


11 


1 48,421 


11 


1,807 


41 


6.735 


11 


0.030 


41 


0,112 


12 


1 58,278 


13 


1,971 


42 


6,900 


12 


0.033 


43 


0,115 


13 


2 8,134 


13 


2,136 


43 


7,064 


13 


0.036 


43 


0,118 


U 


3 17,991 


14 


2,300 


44 


7,338 


14 


0,038 


44 


0.120 


15 


2 27,847 


15 


2.464 


45 


7.393 


15 


0,041 


45 


0.123 


16 


2 37.704 


16 


2,628 


46 


7,557 


16 


0,044 


46 


0.128 


17 


3 47,560 


17 


2.793 


47 


7,721 


17 


0,047 


47 


0,128 


IS 


2 57.416 


18 


2.967 


48 


7.885 


18 


0,049 


48 


0,131 


la 


3 7,373 


19 


3,121 


49 


8,050 


19 


0.052 


49 


0,134 


20 


3 17,129 


30 


3.385 


50 


8.214 


20 


0,055 


50 


0,137 


ei 


3 26,986 


21 


3,450 


51 


8,378 


21 


0,057 


51 


0,140 


es 


3 36,843 


22 


3,614 


53 


8,542 


22 


0,060 


53 


0.142 


3Z 


3 46,699 


33 


3,778 


S3 


8.707 


23 


0.063 


53 


0,148 


24 


3 56,555 


24 


3,943 


54 


8,871 


24 


0.066 


54 


0,148 






25 


4,107 


55 


9,035 


25 


0,068 


55 


0,150 






26 


4.271 


56 


9,199 


26 


0.071 


56 


0,153 






27 


4,436 


57 


9,364 


27 


0.074 


57 


0,156 






29 


4,600 


58 


9,538 


28 


0,076 


58 


0,159 






29 


4,764 


59 


9,892 


29 


0,079 


59 


0.161 


_ 




30 


4.928 


60 


9,856 


30 


0.083 


60 


0,164 



TABLE VIII. 

For converting degrees into time ; and vice versa. 



Degrees. | 


Simce. 


Time. 


Space. 


'nnie. 


Space, 


Tinic 


Space 


Time. 




4 


31° 


3 4 


61° 


4 " 


9? 


6 4° 




8 


32 


2 8 


62 


4 8 


93 


6 8 




12 


33 


2 12 


63 


4 12 


03 


6 IB 




16 


34 


2 16 


64 


4 16 


94 


6 18 




OS) 


33 


2 20 


66 


4 20 


95 


6 iO 




24 


36 


S 24 


66 


4 24 


96 


6 24 




28 


37 


2 28 


67 


4 28 


97 


6 28 




32 


38 


2 32 


68 


4 32 


»B 


« 32 




36 


39 


2 3B 


69 


4 36 


99 


6 36 




40 


40 


2 40 


70 


4 40 


100 


6 40 




44 


41 


2 44 


71 


4 44 


101 


6 44 




48 


42 


2 48 


72 


4 48 


102 


6 48 




52 


43 


2 52 


73 


4 52 


103 


6 52 




66 


44 


3 66 


74 


4 56 


104 


fl 56 




1 


45 


3 


75 


6 


105 


7 




1 4 


46 


3 4 


76 


5 4 


106 


7 4 




1 8 


47 


3 8 


77 


5 8 


107 


7 8 




1 12 


48 


3 12 


78 


5 13 


108 


7 12 




1 16 


49 


3 16 


79 


5 16 


109 


7 16 


SO 


I 30 


50 


3 20 


80 


5 20 


110 


7.20 


21 


1 24 


51 


3 24 


81 


6 24 


111 


7 24 


32 


I 28 


52 


3 28 


83 


6 38 


113 


7 28 


33 


1 32 


53 


3 32 


83 


5 33 


113 


7 32 


24 


1 36 


54 


3 36 


84 


6 36 


114 


7 36 


35 


1 40 


65 


3 40 


85 


5 40 


115 


7 40 


26 


1 44 


56 


3 44 


86 


5 44 


116 


7 44 


27 


1 48 


57 


3 48 


87 


5 48 


117 


7 48 


28 


1 S2 


58 


3 52 


88 


6 53 


118 


7 52 


29 


1 56 


59 


3 66 


89 


6 66 


119 


7 56 


;io 


2 


60 


4 


90 


6 


120 


8 



Table VIII. continued! 



1 


Space. 


Time. 


Spare. 


Time. 


Space. 


Time. 


Space. 


Time. 


121 


8 i 


is! 


10 4 


181 


12 4 


21 f 


14 4 


122 


8 8 


152 


10 8 


182 


12 8 


212 


14 8 


133 


8 12 


153 


10 12 


183 


13 12 


213 


14 13 


124 


8 16 


1S4 


10 16 


184 


12 16 


214 


14 16 


125 


8 20 


155 


10 20 


185 


12 20 


215 


14 20 


126 


8 24 


156 


10 24 


186 


13 24 


216 


14 24 


127 


8 28 


157 


10 28 


187 


13 28 


217 


14 28 


12a 


8 32 


158 


10 32 


188 


12 32 


218 


14 32 


129 


8 36 


159 


10 36 


189 


12 36 


219 


14 36 


130 


8 40 


160 


10 40 


190 


12 40 


220 


14 40 


131 


8 44 


161 


10 44 


191 


12 44 


231 


]4 44 


133 


8 48 


162 


10 48 


192 


13 48 


2^ 


14 48 


133 


8 52 


163 


10 52 


193 


12 52 


223 


14 53 


]34 


8 56 


164 


10 56 


194 


13 56 


224 


14 56 


135 


9 


165 


II 


195 


13 


225 


15 


]38 


9 4 


166 


11 4 


196 


13 4 


226 


15 4 


137 


9 8 


167 


It 8 


197 


1.1 8 


337 


15 8 


138 


9 12 


168 


U 12 


198 


13 12 


228 


15 12 


130 


9 16 


169 


11 16 


199 


13 16 


229 


15 16 


140 


9 20 


170 


11 20 


200 


13 30 


230 


15 SO 


141 


9 24 


1?1 


11 24 


201 


13 24 


231 


15 24 


142 


9 28 


172 


U 28 


203 


13 28 


232 


15 28 


143 


9 32 


173 


11 32 


203 


13 32 


233 


15 32 


144 


9 36 


174 


11 3C 


204 


13 36 


234 


15 36 


145 


9 40 


17S 


11 40 


205 


13 40 


235 


15 40 


146 


9 44 


176 


11 44 


206 


13 44 


236 


15 44 


147 


9 48 


177 


11 48 


307 


13 48 


237 


15 48 


148 


9 52 


178 


11 52 


208 


13 53 


238 


15 62 


149 


9 56 


179 


11 56 


209 


13 56 


239 


15 56 


150 


10 


180 


12 


210 


14 


240 


16 



TiBLB Vni. continued. 



Drpre«. ] 


Sp«* 


Th..e. 


fipacc 


Time. 


Space. 


Time. 


Space 


Tune. 


»! 


le" 4* 


27f 


18 4" 


»! 


20 4 


33f 


33 4 


243 


111 8 


272 


18 8 


302 


30 8 


832 


22 S 


£43 


16 12 


273 


IS 12 


303 


20 12 


333 


22 12 


244 


16 16 


274 


18 16 


304 


20 16 


334 


S2 16 


e4S 


16 20 


27fl 


IB fi« 


.105 


£0 20 


335 


22 30 


«46 


IS 24 


276 


18 24 


306 


20 24 


336 


2S 24 


847 


16 28 


277 


18 28 


307 


20 28 


337 


22 38 


248 


16 33 


878 


18 82 


308 


20 32 


33B 


32 32 


HO 


16 38 


279 


IS 36 


309 


20 36 


339 


23 .36 


250 


16 40 


280 


IS 46 


310 


20 40 


340 


22 40 


3S1 


16 44 


esi 


18 44 


311 


20 44 


311 


22 44 


8SS 


10 48 


283 


18 48 


312 


20 48 


342 


22 48 


K3 


10 B2 


283 


18 b2 


313 


20 S2 


343 


22 53 


364 


16 56 


284 


18 56 


314 


20 56 


344 


^ 56 


255 


17 


285 


19 


315 


21 


345 


23 


2£6 


17 4 


286 


19 4 


316 


21 4 


346 


23 4 


257 


17 8 


287 


19 e 


317 


21 8 


347 


23 8 


S68 


17 12 


388 


19 12 


318 


21 12 


348 


23 12 


259 


17 IG 


389 


19 16 


519 


21 le 


349 


23 IS 


seo 


17 20 


290 


19 20 


320 


21 20 


350 


33 20 


261 


17 24 


201 


19 24 


321 


21 24 


351 


23 24 


262 


17 28 


293 


19 38 


322 


31 28 


SS2 


23 28 


303 


17 32 


293 


19 32 


32.T 


21 32 


353 


23 32 


264 


17 36 


994 


19 36 


324 


21 36 


a^4 


23 36 


265 


17 40 


295 


19 4U 


325 


21 40 


;t55 


23 40 


266 


17 44 


296 


19 44 


320 


21 44 


366 


23 44 


267 


17 49 


297 


19 46 


327 


21 48 


357 


23 48 


26a 


17 52 


298 


19 52 


328 


21 52 


358 


23 52 


269 


17 56 


299 


19 56 


329 


21 56 


359 


23 56 


270 




300 


20 


330 


33 


360 


34 



Table VIII. continued. 



Minutes. 


1 


Space. 


Time. 


Space. 


Time. 


Space. 


Time. 


Space. 


Time. 


i 


4 


3i 


3° 4 


i' 


0,067 


31 


2,067 


2 


8 


33 


2 8 


3 


0,133 


32 


2,133 


3 


12 


33 


2 12 


3 


0,300 


33 


2,300 


4 


IG 


34 


2 16 


4 


0,267 


34 


2,267 


5 


30 


35 


2 30 


5 


0,333 


35 


2,333 


6 


24 


36 


2 24 


6 


0,400 


30 


2,400 


7 


28 


37 


2 38 


7 


0,467 


37 


2,467 


8 


32 


38 


2 33 


8 


0.533 


38 


3.533 


a 


36 


39 


2 3G 


fl 


0,600 


39 


2,600 


10 


40 


40 


3 40 


10 


0,667 


40 


3,667 


11 


44 


41 


2 44 


„ 


0,733 


41 


2,733 


12 


4S 


43 


2 48 


12 


0,800 


42 


2,800 


13 


62 


43 


3 52 


13 


0,867 


43 


2,867 


14 


56 


44 


2 56 


14 


0,933 


44 


2,993 


15 


1 


45 


3 


15 


1.000 


45 


3,000 


16 


1 4 


46 


3 4 


16 


1,067 


46 


3,067 


17 


1 § 


47 


3 8 


17 


1,133 


47 


3,133 


IS 


1 13 


48 


3 12 


18 


1,200 


48 


3,200 


19 


1 16 


49 


3 16 


19 


1,367 


49 


3,267 


30 


1 20 


50 


3 30 


20 


1.333 


50 


3.333 


SI 


1 34 


51 


3 24 


21 


1,400 


61 


3,400 


33 


I 38 


53 


3 28 


22 


1.467 


52 


3,467 


33 


1 32 


53 


3 33 


23 


1,533 


53 


3,533 


34 


1 36 


64 


3 36 


24 


1,600 


54 


3,600 


25 


1 40 


55 


3 40 


35 


1,667 


56 


3,667 


26 


1 44 


66 


3 44 


26 


1,733 


56 


3,733 


27 


1 48 


57 


3 48 


37 


1,800 


57 


3.800 


28 


1 53 


58 


3 52 


28 


1,867 


58 


3,867 


29 


1 56 


59 


3 56 


29 


1,933 


59 


3,933 


30 


2 


60 


4 


30 


3,000 


60 


4.000 



Mr. Ivory's Mean Refractions; with the Ic^rithms and 
their differences annexed. 



Zenith 
Kit. 


Mean 

Refrac. 


Log. 


Ditr. 


ZuTihh 

Di^t. 


Mean 
Refruc. 


Log. 


Diff 


f 


rf 1> 


0.0085 


3012 


31 


35I09 


1.545S 


173 
170 


2 


2,04 


0.3007 


1703 
1252 


32 


36,49 


1.5622 


168 
164 


3 


3.06 


0.4860 


33 


37,93 


1.5790 


4 


4,08 


0.6112 


974 


34 


39,39 


1.5S54 


16e 


6 


fi,ll 


0.7086 


796 
675 

587 


35 


40,89 


i.6im 


160 
159 

156 


6 

7 


6,14 

7,17 


0.8557 


30 
37 


42.42 
44,00 


1.G276 
1.6435 


B 


8,21 


0.9144 


519 


38 


45,61 


1.6591 


155 
155 


9 


0,25 


0.96G3 


460 


39 


47,37 


1.6746 


10 


10.30 


1.0129 


434 


40 


48,90 


1.6901 


154 
15S 
15] 
15S 
151 
1513 
1514 


11 


11,35 


1.0553 


388 


41 


50,75 


1.7055 


IS 


12,42 


1.0941 




43 


53,57 


1.7207 


13 
14 
15 


13,40 

14,56 
15,66 


1.1300 
1.1634 

1.1947 


334 
313 

294 
278 
265 


43 

44 
45 


54,43 
56.35 

68,36 


1.7358 
1.7310 
1.76611 


16 
17 


16,75 

17,86 


1,3241 
1.3510 


40 

47 


I 0,43 
2,57 


1.78123 
1.70637 


18 


18,08 


1.2784 


48 


4,B0 


1.81155 


1518 


10 
20 


30,11 


1.3036 
1.3277 


252 

341 


49 
50 


7.11 
9,53 


1.82678 
1.84208 


1523 
1530 


SI 


32,42 


1.3507 


230 

233 
215 
207 
201 
195 
189 
185 
181 
177 


51 


12,02 


1.85747 


1539 


22 
23 
S4 

25 
26 

27 
28 
29 


23,60 
24,80 
36,01 
27,24 
28,40 
29,76 
31,05 
33.38 


1.3729 
1.3044 
1.4151 
1.4352 
1.4547 
1.473C 
1.4921 
1,5102 


52 
53 
54 

55 
56 
57 
58 
59 


14.64 

17,38 
30,24 
23,25 
26.41 
29,73 
33,23 
36,93 


1.87298 
I.8S863 
1.90440 
1.92036 
1.93653 
1,95291 
1.96955 
1.98646 


1551 
156S 
1577 
IfilM 
1617 
1638 
1664 
1091 


30 


33,72 


1.5270 


60 


1 40,85 


2.00368 


1722 



Table IX. continued. 
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Zenithl Mean 
Dist. Refrac. 



o I 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 00 
10 
20 
30 
40 
50 

71 00 
10 
20 
30 
40 
50 

72 00 
10 
20 
30 
40 
50 

73 00 
10 
20 
30 
40 
50 



i 4^101 
49,44 

54,17 
59,22 

2 4,65 
10,48 
16,78 
23,61 
3], 04 
39,16 
40,59 
42,04 
43,52 
45,02 
46,53 
48,08 
49,65 
51,25 

62,87 
54,53 
56,21 
57,92 
59,66 

3 1,43 
3,23 
5,06 
6,93 
8,83 

10,77 
12,74 
14,75 
16,80 
3 1838 



Log. 



2.02124 
2.03918 
2.06754 
2.07635 

2.09567 
2.11555 
2.13603 
2.16719 
2.17910 
2.20185 
2.20573 
2.20963 
2.21356 
2.21752 
2.22160 
2.22552 
2.22956 
2.23363 
2.23773 
2.24186 
2.24603 
2.25022 
2.25445 
2.25870 
2.262J)9 
2.26732 
2.27168 
2.27608 
2.28051 
2.28498 
2.28948 
2.29402 
2.29860 



Diff. 



1756 

1794 

1S36 

1881 

1932 

1988 

2048 

2116 

2191 

2275 

388 

390 

393 

396 

398 

402 

404 

407 
410 
413 

417 
419 
423 
425 
429 
433 
436 
440 
443 
447 
450 
454 
458 



Zenith 
Dist. 



o i 

74 00 
10 
20 
30 
40 
50 

75 00 
10 
20 
30 
40 
50 

76 00 
10 
20 
30 
40 
50 

77 00 
10 
20 
30 
40 
50 

78 00 
10 
20 
30 
40 
50 

79 00 
10 
20 



Mean 
Refrac. 



3 21,01 
23,18 
25,39 
27,66 
29,95 
32;30 
34,70 
37.16 
39,65 
42,21 
44,82 
47,48 
50,21 
53,00 
55,85 
68,76 

4 1,74 
4,79 
7,91 

11,11 
14,39 
17,74 
21,19 
24,72 
28,33 
32,04 
36,84 
39,75 
43,76 
47.88 
62,12 
66,47 

5 0,94 



Log. 



2.30322 
2.30789 
2.31259 
2.31734 
2.32213 
2.32696 
2.33184 

2.33677 
2.34174 
2.34676 
2.35183 
2.35695 
2.36212 
2.36735 
2.37263 
2-37796 
2.38334 
2.38879 
2.39430 
2.39987 
2.40550 
2.41119 
2.41695 
2.42278 

2.42867 
2.43463 
2.44066 

2.44677 
2.46295 
2.45921 
2.46556 
2.47198 
2.47848 



DifC 

462 

467 
470 
475 
479 
483 
488 
493 
497 
502 

507 
512 

517 
523 
528 
533 
638 
545 
551 
557 
563 
569 
576 
583 
689 
596 
603 
611 
618 
626 
635 
642 
660 



t2 
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Table IX. continued. 



I Zenith 
I Dist. 

79 sd 

40 
60 

80 00 
10 
20 
30 
40 
50 

81 00 
10 
20 
30 
40 
50 

S2 00 
10 
20 
30 
40 
50 

83 00 
10 
20 
30 
40 
50 

84 00 
10 
20 
30 
40 



Mean 
Refrac. 



\o^ 

15,16 
20,19 
25,36 
30,70 
36,20 
41,88 

47,74 

53,79 

6 0,04 
6,50 

13,18 
20,09 
27,26 
34,68 
42,37 
50,33 
58,59 

7 7,19 
16,13 
25,40 
35,05 
45,10 
55,58 

8 6,50 
17,90 
29,80 
42,24 
55,25 

9 8,88 
9 23,16 



Log. 



2.48507 
2.49176 
2.49853 
2.50541 
2.51237 
2.51944 
2.52660 

2.53387 
2.54125 
2.54874 
2.55635 

2.56407 
2.57192 
2.57989 
2.58800 
2.59624 
2.60462 
2.61313 
2.62179 
2.63062 
2.63961 
2.64875 
2.6580G 
2.66755 
2.67722 
2.68708 
2.69714 
2.70740 
2.71787 
2.72856 
2.73948 
2.75063 



Diff. 



659 
669 

677 
688 
696 

707 

716 

727 

738 
749 
761 

772 
785 

797 

811 

824 

838 

851 

866 

883 

899 

914 

931 

949 

967 

986 

1006 

1026 

1047 

1069 

1092 

1115 



Zenith 
Dist. 



84 56 

85 00 
10 
20 
30 
40 
50 

86 00 
10 
20 
30 
40 
50 

87 00 
10 
20 
30 
40 
50 

88 00 
10 
20 
30 
40 
50 

89 00 
10 
20 
30 
40 
50 

90 00 



Mean 
Refrac. 



i 34^12 
9 53,84 

10 10,35 
27,73 
46,03 

11 5,30 
25,66 
47,15 

12 9,88 

33,97 
59,51 

13 26,61 

13 55,40 

14 26,04 

14 58,71 

15 33,60 

16 10,89 

16 50,8 

17 33,6 

18 19,6 

19 9,0 

20 2,2 
20 59,6 

22 1,7 

23 8,9 

24 21,8 

25 40,9 

27 7,1 

28 40,8 
30 23,2 
32 15,0 
34 17,5 



Log. 



2.76202 

2.77367 
2.78558 

2.79777 
2.81025 
2.82302 
2.83611 
2.84951 
2.86325 
2.87736 
2.89182 
2.90666 
2.92189 
2.93764 
2.96362 
2.97OI6 

2.98717 
3.00466 

6.02267 

3.04122 
3.06031 
3.07998 
3.10024 
3.12113 
3.14268 
3.16489 
3.18779 
3.21140 
3.23574 
3.26083 

3.28667 
3.31334 1 



Di£ 

1139 
1165 
1191 
1219 
1248 

1277 
1309 
1340 
1374 
1410 

1447 
1484 
1523 
1665 
1608 
1654 
1701 
1749 
1801 
1855 
1909 
1967 
2026 
2089 
2155 
2221 
2290 
2361 
2434 
2509 
2584 
2667 



Mr. Ivory's RefracUons continued : showing the logarithms 
of the corrections, on account of the state of the Ther- 
mometer and BBrometei*. 



Thermometer 


Daromeler | 




Logarithni 




Logarithm 




Logarithm 


so" 


9.97237 


50° 


0.00000 


31.6 


0.01424 


79 


9.97326 


49 


0.00094 


30.9 


0.01248 


79 


9.97416 


48 


0.00190 


8 


0.01143 


77 


9.97506 


47 


0.00285 


7 


0.01002 


76 


9.97596 


46 


0.00380 


6 


0.00860 


75 


9.97686 


43 


0.00476 


5 


0.00718 


74 


9.97777 


44 


0.00573 


4 


0.00575 


73 


9.97867 


43 


0.00668 


3 


0.0043:2 


72 


9.97958 


43 


0.00764 


2 


0.00289 


71 


9.98049 


41 


0.00861 


1 


0.001 4.'i 


70 


9.98140 


40 


0.00957 


30.0 


0.00000 


69 


9.98331 


39 


0.01053 


29.9 


9.99855 


68 


9.98323 


38 


0.01151 


8 


9.99709 


67 


9.98414 


37 


0.01248 


7 


9.99563 


66 


9.98506 


36 


0.0134C 


6 


9.99417 


65 


9.98598 


35 


0.01444 


5 


9.99370 


64 


9.S8690 


34 


0.01541 


4 


9.99123 


63 


9.98783 


33 


0.01640 


3 


9.98975 


62 


9.98875 


33 


0.01738 


3 


9.98836 


61 


9.98969 


31 


0.01837 


1 


9.98677 


60 


9.99061 


30 


0.01935 


39.0 


9.98538 


59 


9.99154 


39 


0.02033 


28.9 


9.98378 


58 


9.99248 


28 


0.02133 


8 


9.98227 


57 


9.99341 


27 


0.02232 


7 


9.98076 


56 


9.99434 


26 


0.02331 


6 


9.97934 


55 


9.99529 


25 


0.02433 


5 


9.97772 


54 


9.92633 


24 


0.02531 


4 


9.97630 


53 


9.90717 


23 


O.0263O 


3 


9.974GS 


52 


9.99811 


22 


0.03730 


3 


9.97313 


51 


9.99900 


81 


0.02832 


1 


9.97158 


60 


O.OOOOO 


20 


0.03933 


38.0 


9.97O04 
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TABLE XI. 



Mr. Ivory's Refractions continued: showing ihejurther 
quantities by which the refraction at low altitudes is to 
be corrected, on account of the state of the Thermome- 
ter and Barometer. 



Zenith 
Dbtance 


T 


B 


Zenith 
Distance 


T 


B 


75* 6 


- 6[0O9 




86 3d 


- d!317 


4- d,'61 


76 


0,012 




86 40 


0,345 


0,56 


77 


0,015 




86 50 


0.376 


0,62 


78 


0,018 




87 


0,410 


0,68 


79 


0,023 


< a 


87 10 


0,448 


0,75 


80 


0,030 


-f 0,04 


87 20 


0,490 


0,83 


81 


0,040 


0,05 


87 30 


0,538 


0,91 


81 30 


0,046 


0,07 


87 40 


0,593 


1,01 


S2 


0,053 


0,08 


87 50 


0,654 


1,13 


82 30 


0,063 


0,10 


88 


0,722 


1^ 


83 


0,074 


0,11 


8B 10 


0,799 


1,41 


83 30 


0,089 


0,13 


88 20 


0,887 


1,59 


84 


0,107 


0,16 


88 30 


0,987 


1,79 


84 30 


0,130 


0,20 


88 40 


1,101 


2,02 


85 


0,159 


0,25 


88 50 


1,231 


2,29 


85 10 


0,171 


0,26 


89 


1,380 


2,61 


85 20 


0,184 


0,28 


89 10 


1,551 


2,98 


85 30 


0,198 


0,31 


89 20 


1,749 


3,41 


85 40 


0,213 


0,33 


89 30 


1,977 


3,93 


85 50 


0,229 


0,36 


89 40 


2,241 


4,54 


86 


0,248 


0,39 


89 50 


2,549 


6,26 


86 10 


0,269 


0,43 


90 


- 2,909 


+ 6,12 


86 20 


- 0,292 


+ 0,47 









The column marked T is to be multiplied by (^— 50°J: and the 
column marked B is to be multiplied by (/3— 30'°.00). The results 
are to be applied to the approximate refraction obtained by the pre- 
ceding tables. 



TABLE XIL 
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Dr. Briiikley's Refractions : containing the logarithms of 
the quantities depending on the state of the Thermometer. 



Far. 
Therm. 


Log.T 


Far. 
Therm. 


Log.T 


Far. 
Therm. 


Log.T 


o 
10 


0.3283 


34° 


0.3048 


o 
58 


0.2827 


11 


0.3273 


35 


0.3039 


59 


0.2818 


12 


0.3263 


36 


0.3030 


60 


0.2809 


13 


0.3253 


37 


0.3020 


61 


0.2800 


14 


0.3243 


38 


0.3011 


62 


0.2791 


15 


0.3233 


39 


0.3001 


63 


0.2782 


16 


0.3223 


40 


0.2992 


64 


0.2773 


17 


0.3213 


41 


0.2983 


65 


0.2764 


18 


0.3203 


42 


0.2974 


66 


0.2755 


19 


0.3193 


43 


0.2965 


67 


0.2746 


20 


0.3183 


44 


0.2956 


68 


0.2737 


21 


0.3173 


45 


0.2946 


69 


0.2728 


22 


0.3163 


46 


0.2937. 


70 


0.2720 


23 


0.3154 


47 


0.2928 


71 


0.2711 


24 


0.3144 


48 


0.2919 


72 


0.2703 


25 


0.3134 


49 


0.2910 


73 


0.2694 


26 


0.3124 


50 


0.2900 


74 


0.2685 


27 


0.3114 


51 


0.2891 


75 


0.2677 


28 


0.3105 


52 


0.2881 


76 


0.2668 


29 


0.3095 


53 


0.2872 


77 


0.2660 


30 


0.3086 


54 


0.2863 


78 


0.2652 


31 


0.3076 


55 


0.2854 


79 


0.2644 


32 


0.3067 


56 


0.2845 


80 


0.2636 


33 


0.3058 


57 


0.2836 


81 


0.2627 



Approximate Refraction = T.j3.tanZ 
Correct Refraction = T. /3. tan Z — c 
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Dr. Brinkley's Refractions cont^: containing the quantity c, 
depending on the state of the Barometer and Zenith di- 
stance, to be deducted from the approximate refraction. 



Zenith 
Dist. 


Barometer 1 


28.50 


29.00 


29.50 


30.00 


30.50 


0^ 


0,0 








6:o 


30 


0,0 








0,0 


40 


0.1 








0,1 


45 


0,2 








0,2 


50 


0,2 








0.2 


52 


0,2 








0,2 


54 


0,3 








0,3' 


56 


0,3 








0,3 


58 


0,4 








0,4 


60 


0,5 








0,5 


61 


0,5 








0,6 


62 


0,6 








0,6 


• 63 


0,6 


- 






0,6 


64 


0,7 








0,7 


65 


0,8 








0,8 


66 


0,9 








0,9 


67 


1,0 


J a 


J J 


MM 


1,0 


68 


1,2 


i'.2 


h2 


i',2 


1,2 


69 


1,3 


1,3 


1,3 


1,4 


1,4 


70 


1,5 


1,5 


1,5 


1,6 


1,6 


71 


1,8 


1,8 


1,9 


1,9 


1,9 


72 


2,1 


2,1 


2,2 


2,2 


2,2 


73 


2,5 


2.6 


2,6 


2,6 


2,6 


74 


3,0 


3,0 


3,1 


3,1 


3,2 


75 


3,4 


3,4 


3,5 


3,6 


3,7 


76 


4,1 


4,2 


4,3 


4,4 


4,5 


77 


5,1 


5,2 


5,3 


5,5 


6,6 


78 


6,3 


6,4 


6,6 


6,7 


6,9 


79 


8,1 


8,3 


8,5 


8,5 


8,9 


80 


10,5 


10,7 


10,9 


11,1 


11,4 



TABLE XIV. 
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Parallax of the Sun, on the first day of each month: the 
mean horizontal parallax being assumed = 8",60. 



Zenith 
Dist. 


Jan. 


Feb. 
Dec. 


March 
Nov. 


April 
Oct. 


May 
Sept. 


June 
Aug. 


July 


s 


rf^OO 


6fiO 


6'fiO 


6[oo 


6',00 


6'fiO 


d^oo 


5 


0,76 


0,76 


0,76 


0,75 


0.74 


0,74 


0,74 


10 


1,52 


1,52 


1,51 


1,49 


1,48 


1.47 


1,47 


15 


2,26 


2,26 


2,25 


2,23 


2,21 


2,19 


2,19 


20 


2,99 


2,98 


2,97 


2,94 


2,92 


2,90 


2,89 


25 


3,70 


3,69 


3,67 


3,63 


3,60 


%58 


3,57 


30 


4,37 


4,36 


4,34 


4,30 


4,26 


4,24 


4,23 


35 


5,02 


5,01 


4,98 


4,93 


4,89 


4,86 


4,85 


40 


5,62 


5,61 


5,58 


5,53 


5,48 


5,45 


5,44 


45 


6,19 


6,17 


6,13 


6,08 


6,03 


5,99 


5,98 


50 


6,70 


6,68 


6,64 


6,59 


6,53 


6,49 


6,48 


55 


7.17 


7,15 


7,11 


7,04 


6,99 


6,94 


6,93 


60 


7,58 


7,56 


7.51 


7,45 


7,39 


7,34 


7,33 


65 


7,93 


7,91 


7,86 


7,79 


7,73 


7,68 


7,67 


70 


8,22 


8,20 


8,15 


8,08 


8,01 


7,97 


7,95 


75 


8,45 


8,43 


8,38 


8,30 


8,24' 


8,19 


8,17 


80 


8,62 


8,59 


8,54 


8,47 


8,40 


8,35 


8,33 


85 


8,73 


8,69 


8,64 


8,56 


8,50 


8,44 


8,42 


90 


8,75 


8,73 


8,67 


8,60 


8,53 


8,48 


8,46 



u 
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TABLE XV. 



Logarithms of sin* ^ P, in time. 



Minutes 


3 hours 


4 hours 


6 hours 


6 hours 


7 hours 





9-166679 


9-397940 


9-668894 


9-698970 


9^798933 


I 


•170240 


•401214 


•671368 


•700866 


•800384 


2 


•174773 


•404471 


•673811 


•702743 


•801828 


3 


•179278 


•407713 


•676263 


•704618 


•803266 


4 


•183766 


•410938 


•578684 


•706484 


•804697 


5 


•188207 


•414147 


•581104 


•708342 


•806122 


U 


•192631 


•417340 


•583613 


•710192 


•807640 


7 


•197028 


•420617 


•58591 1 


•712034 


•808952 


8 


•201399 


•423679 


•588299 


•713868 


•810357 





•205746 


•426826 


•590676 


•716694 


•811756 


10 


•210064 


•429965 


•693042 


•717512 


•813149 


11 


•214368 


•433070 


•595398 


•719322 


•814636 


12 


•218627 


•436170 


•697744 


•721124 


•816916 


13 


•222870 


•439265 


•600078 


•722919 


•817289 


14 


•227089 


•442325 


•602403 


•724706 


•818656 


15 


•231284 


•445379 


•604717 


•726484 


•820017 


16 


•236454 


•448419 


•607021 


•728255 


•821372 


17 


•239600 


•451445 


•609316 


•730018 


•822721 


18 


•243722 


•464455 


•611598 


•731774 


•824063 


19 


•247821 


•457451 


•613872 


•733522 


•825399 


20 


•261897 


•460433 


•616135 


•735262 


•826729 


^1 


•266949 


•463400 


•618388 


•736994 


•828053 


22 


•259978 


•466:^4 


•620632 


•738719 


•829370 


2Z 


•263985 


•469293 


•622865 


•740437 


•830682 


24 


•267969 


•472218 


•626089 


•742147 


•831987 


2b 


•271930 


•475129 


•627303 


•743849 


•833287 


26 


•275870 


•478026 


•629507 


•745544 


•834580 


27 


•279788 


•480909 


•631701 


•747232 


•835867 


28 


•283684 


•483779 


•633886 


•748912 


•837148 


29 


9-287558 


9-486635 


9^636061 


9750685 


9^838424 



Table XV. ciHitinned. 
L<^rithms of sin* | P, in time. 



-flfinufm 


3 hours 


hour. 


hours 


6 hours 


7I>oun 


30 


9-291413 9 


489478 9 


638227 


9752251 




31 


■295S44 


492307 


640383 


■753909 


■840956 


S2 


■299065 


495123 


642529 


■755560 


-842213 


33 


■302845 


497926 


644666 


■757203 


•843404 


34 


'306615 


600716 


646794 


■758840 


■844710 


35 


■3J0364 


503492 


648913 


■760469 


•846949 


36 


■314094 


50625G 


661022 


■762091 


■847183 


37 


■317803 


509007 


663123 


■763706 


•848410 


38 


■321492 


511745 


S5S213 


■765314 


■849632 


39 


•325161 


514470 


657294 


■766914 


■850848 


40 


■328811 


517183 


669367 


■768508 


■852058 


41 


■332442 


519883 


661430 


■770094 


■853S63 


42 


■336063 


522570 


663485 


■771674 


-854461 


43 


■339645 


525245 


666530 


■773347 


■855654 


44 


■343219 


527908 


G67567 


■774812 


■866841 


45 


■346773 


530559 


669594 


■776371 


■858023 


46 


•xmm 


533197 


671613 


■777922 


■859198 


47 


■353827 


635823 


673623 


•770467 


■8603G7 


48 


■357326 


538437 


675624 


■781005 


■861532 


49 


■360807 


541040 


677617 


■782536 


•862C90 


50 


■364270 


643630 


679601 


■784061 


■863843 


&1 


■367716 


546208 


681576 


■786578 


■864990 


m 


■371142 


548776 


683343 


■787089 


■866131 


53 


■374652 


651330 


685501 


■788593 


■867267 


54 


■377945 


553874 


687450 


■790090 


■868397 


55 


■381320 


556406 


689391 


■791580 


■869522 


56 


■384678 


558926 


691334 


■793064 


•870641 


57 . 


■388018 


501435 


693248 


■794541 


■871754 


6S 


■391342 


563933 


695163 


■796012 


-872862 


59 


8^384fl50 9 


566419 9 


697071 


9797476 


0^873964 
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TABLE XVI. 






For the equation of Equal Altitudes of the Sun. 


Interval 


Log. A 


Log. B 


Interval 


Log. A 


Log. B 


h m 

2 


7-7207 


7-7146 


h m 

3 


7-7359 


7-7015 


2 


•7298 


•7143 


2 


•7362 


•7010 


4 


•7300 


•7139 


4 


•7364 


•7005 


6 


•7302 


•7136 


6 


•7367 


•6999 


8 


•7304 


•7132 


8 


•7369 


•6993 


10 


•7305 


•7128 


10 


•7372 


•6988 


12 


•7307 


•7125 


12 


•7374 


•6982 


14 


•7309 


•7121 


14 


•7377 


•6976 


16 


•7311 


•7117 


16 


•7380 


.6970 


18 


•7313 


•7113 


18 


•7383 


•6964 


20 


•7315 


•7109 


20 


•7386 


•6958 


22 


•7317 


•7105 


22 


•7388 


•6952 


24 


•7319 


•7101 


24 


•7391 


•6946 


26 


•7321 


•7097 


26 


•7394 


•6940 


28 


•7323 


•7092 


28 


•7397 


•6934 


30 


•7325 


•7088 


30 


•740Q 


•6927 


32 


•7327 


•7083 


32 


•7403 


•6921 


34 


•7329 


•7079 


34 


•7406 


•6914 


36 


•7331 


•7075 


36 


•7409 


•6908 


38 


•7333 


•7070 


38 


•7412 


•6901 


40 


•7336 


•7065 


40 


•7415 


•6894 


42 


•7338 


•7061 


42 


•7418 


•6888 


44 


•7340 


•7056 


44 


•7421 


•6881 


46 


•7342 


•7051 


46 


•7424 


•6874 


48 


•7345 


•7046 


48 


•7428 


•6867 


50 


•7347 


•7041 


50 


•7431 


•6859 


52 


•7349 


•7036 


52 


•7434 


•6852 


54 


•7352 


•7031 


54 


•7437 


•6845 


56 


•7354 


•7026 


56 


•7441 


•6838 


58 


77357 


7-7021 


58 


7-7444 7-6830 



Table XVL continued. 



HM^i 



For the equation of Equal Altitudes of the Sun. 



Interval 


Log. A 


Log. B 


Interval 


Log. A 


Log. B 


h in 

4 


7-7447 


7-6823 


h m 

5 


7^7562 


7-6556 


2 


•7451 


•6815 


2 


•7566 


•6546 


4 


•7454 


•6807 


4 


•7570 


•6536 


6 


•7458 . 


•6800 


6 


•7575 


•6525 


8 


•7461 


•6792 


8 


•7579 


•6514 


10 


•7464 


•6784 


10 


•7583 


•6504 


12 


•7468 


•6776 


12 


•7588 


•6493 


14 


•7472 


•6768 


14 


•7592 


•6482 


16 


•7475 


•6759 


16 


•7597 


•6471 


18 


•7479 


•6751 


18 


•7601 


•6460 


20 


•7482 


•6743 


20 


•7606 


•6448 


22 


•7486 


•6734 


22 


•7610 


•6437 


24 


•7490 


•6726 


24 


•7615 


•6425 


26 


•7494 


•6717 


26 


•7620 


•6414 


2S 


•7497 


•6708 


28 


•7624 


•6402 


30 


•7601 


•6700 


30 


•7629 


•6390 


32 


•7505 


•6691 


32 


•7634 


•6378 


34 


•7609 


•6682 


34 


•7638 


•6366 


36 


•7513 


•6673 


36 


•7643 


•6354 


38 


•7517 


•6663 


38 


•7648 


•6342 


40 


•7621 


•6654 


40 


•7653 


•6329 


42 


•7625 


•6645 


42 


•7658 


•6317 


44 


•7529 


•6635 


44 


•7663 


•6304 


46 


•7533 


•6626 


46 


•7668 


•6291 


48 


•7537 


•6616 


48 


•7673 


•6278 


50 


•7541 


•6606 


50 


•7678 


•6265 


62 


•7546 


•6597 


62 


•7683 


•6252 


54 


•7549 


•6587 


54 


•7688 


•6239 


56 


•7553 


•6577 


66 


•7693 


•6225 


58 


?7657 


?6567 


58 


7-7698 


7-6212 



150 Table XVI. continued. 

For the equatic»i of Equal Altitude! of the Sun. 



Interval 


Log. A 


Log. B 


IiiteiTB! 


Log. A 


Log.fi 


6 O" 


7-7703 


7-6)08 


7 


7'7873 


7-5717 


2 


■7708 


■6184 




•7879 


-5699 


* 


■7713 


•6170 




■7885 


-5680 


6 


■7719 


■eiGU 




■7891 


■5661 


8 


•7784 


-6142 




■7898 


■5641 


ID 


•77» 


■8127 




■7904 


■6622 


IS 


■7736 


-6113 




■7910 


■6002 


14 


•7740 


'6008 




■79IB 


■5682 


18 


•7745 


■6083 




■7B23 


■5562 


18 


•7761 


-0008 




■7929 


'6642 


30 


■7766 


■6053 


20 


■7038 


■5532 


'82 


■7768 


■6038 


22 


•7942 


■5501 


S4 


■7787 


•aos3 


24 


■7949 


-5480 


26 


■7773 


■6007 


26 


■7966 


-6459 


28 


■7770 


■5091 


28 


■7968 


-5437 


30 


•7784' 


■6975 


30 


-7909 


■3418 


32 


■7700 


■6969 


32 


•7975 


■5394 


34 


■77B6 


•5943 


31 


■7982 


■5372 


.16 


■7801 


■5927 


36 


■7989 


■5350 


3S 


■7807 


■5D10 


38 


■7995 


-5337 


40 


•7813 


■6g!M 


40 


-8003 


-5304 


43 


■7819 


•3877 


42 


-8009 


-32B1 


44 


■7826 


■5860 


44 


-8016 


■5258 


46 


■7831 


-5843 


46 


■8023 


-5234 


48 


■7836 


■5825 


48 


■8030 


■5211 


00 


■7842 


■S808 


BO 


■8037 


■5186 


fi2 


-7948 


-5790 


63 


-8044 


■5162 


H 


■7854 


•6778 


54 


-8051 


•5137 


56 


■7860 


■6754 


66 


■8058 


■5112 


58 


7-7867 


7^5736 


68 


78066 


7-5087 



Table XVI. continued. 



151 



For the equation of Equal Altitudes of the Sun* 



Intenral 


Log. A 


Log. B 


Interval 


Log. A 


Log. B 


h m 

8 


7-8072 


7-5062 


h m 

9 


7-8302 


7-4131 


2 


•8079 


•5036 


2 


•8311 


•4093 


4 


•8086 


•5010 


4 


•8319 


•4055 


6 


•8094. 


•4983 


6 


•8328 


•4016 


8 


•8101 


•4957 


8 


•8336 


•3977 


10 


•8108 


•4930 


10 


•8344 


•3937 


12 


•8116 


•4902 


12 


•8353 


•3896 


14 


•8123 


•4874 


14 


•8361 


•3855 


16 


•8130 


•4846 


16 


•8370 


•3813 


18 


•8138 


•4818 


18 


•8378 


•3771 


20 


•8145 


•4789 


20 


•8387 


•3728 


22 


•8153 


•4760 


22 


•8396 


•3684 


24 


•8160 


•4731 


24 


•8404 


-3639 


26 


•8168 


•4701 


26 


•8413 


•3594 


2^ 


•8176 


•4671 


28 


•8422 


•3548 


30 


•8183 


•4640 


30 


•8430 


•3501 


32 


•8191 


•4609 


32 


•8439 


•3454 


34 


•8199 


•4578 


34 


•8448 


•3406 


36 


•8206 


•4546 


36 


•8457 


•3357 


38 


•8214 


•4514 


38 


•8466 


•3307 


40 


•8222 


•4482 


40 


•8475 


•3256 


42 


•8280 


•4449 


42 


•8484 


•3205 


44 


•8238 


•4415 


44 


•8493 


•3152 


46 


•8246 


•4381 


46 


•8502 


•3099 


48 


•8254 


•4347 


48 


•8511 


•3045 


50 


•8262 


•4312 


50 


•8520 


•2989 


52 


•8270 


•4277 


52 


•8530 


•2933 


54 


•8278 


•4241 


54 


•8539 


•2876 


56 


•8286 


•4205 


56 


•8548 


•2817 


58 


7-8294 


7-4168 


58 


7-8558 


7-2758 



152 Table XVJ. coDtiniied. 

For the equatiiHi of Ek]ual Altitudes of the 8uq. 



Interval 


Log. A 


Log. B 


Interval 


Lug. A 


.og.B 


10 o" 


7-8567 


7-38»7 


ll' 0° 


7-8868 7 


0025 


S 


■8576 


■3035 


£ 


'8878 6 


9889 


4 


-8586 


-2572 


4 


•8889 


9748 


6 


■3505 


■2507 


6 


'8900 


9603 


8 


• -8805 


•2442 


6 


■8911 


9449 


10 


-8614 


-2374 


10 


-8988 


9890 


IS 


-8824 


■2306 


12 


'8932 


9125 


M 


•8634 


■2236 


14 


•8S43 


8S53 


IS 


•8643 


■S164 


10 


■8954 


8770 


18 


■8653 


■8091 


18 


■8965 


8560 


£0 


•8663 


•2016 


20 


■8977 


8379 


«« 


■8673 


-)940 


22 


■8988 


8168 


S4 


'8683 


■1861 


24 


■8999 


7945 


26 


-86»3 


■1781 


26 


■9010 


7709 


88 


■8703 


■1609 


28 


•9021 


7457 


30 


■8713 


■1615 


30 


-9033 


7189 


88 


■87:;3 


•1529 


3^ 


■0U44 


6901 


34 


■8733 


■1440 


34 


■9055 


6591 


3G 


■8743 


■1349 


36 


■0067 


6255 


38 


■8753 


■1356 


38 


-9078 


5889 


40 


■8763 


■1160 


40 


■0090 


5487 


42 


■8773 


■1061 


42 


•9102 


5041 


44 


■8784 


0960 


44 


•9113 


4541 


46 


■8794 


■0855 


46 


■9125 


3973 


48 


•8804 


•0748 


48 


■9137 


3316 


50 


■HSI5 


■0637 


50 


■9148 


8536 


53 


■8825 


■05^2 


52 


■9160 


1579 


54 


■8836 


■0404 


54 


■9172 6 


0341 


56 


■8^46 


■0382 


66 


■9164 5 


8593 


58 


7-8857 


7015(i 


58 


79196 5 


5594 



Tabl£ XVL continued. 



163* 



For the equation of Equal Altitudes of the Sun. 



Interval 


Log. A 


Log. B 


Interval 


Log. A 


Log. B 


h m 

1^ 


7-9208 


B»=0 


h m 

13 


7-9593 


- 7-0750 


2 


•9220 


— 5-5549 


2 


•9607 


•0905 


4 


•9232 


5-8641 


4 


•9620 


•1056 


6 


•9245 


60414 


6 


•9634 


•1203 


8 


•9257 


•1675 


8 


•9648 


•1345 


10 


•9269 


•2657 


10 


•9662 


•1484 


12 


•9281 


•3461 


12 


•9676 


•1619 


14 


•9294 


•4142 


14 


•9690 


•1751 


16 


•9306 


•4734 


16 


•9704 


•1880 


18 


•9319 


•5258 


18 


•9718 


•2006 


20 


•9331 


•5728 


20 


•9732 


•2129 


22 


•9344 


•6154 


22 


•9746 


•2249 


24 


•9857 


•6545 


24 


•9761 


•2367 


26 


•9369 


•6905 


26 


•9775 


•2482 


28 


•9382 


•7239 


28 


•9789 


•2595 


30 


•9395 


•7551 


30 


•9804 


•2706 


32 


•9408 


•7843 


32 


•9818 


•2815 


34 


•9421 


•8119 


34 


•9833 


•2922 


36 


•9433 


•8380 


36 


•9848 


•3026 


38 


•9446 


•8627 


38 


•9862 


•3129 


40 


•9460 


•8863 


40 


•9877 


•3231 


42 


•9473 


•9087 


42 


•9892 


•3330 


44 


•9486 


•9302 


44 


•9907 


•3428 


46 


•9499 


•9507 


46 


•9922 


•3524 


48 


•9512 


•9705 


48 


•9937 


•3619 


50 


•9526 


6^9895 


50 


•9952 


•3712 


52 


•9539 


7-0078 


52 


•9967 


•3804 


54 


•9552 


'0254 


54 


•9982 


•3894 


56 


•^»66 


•0425 


56 


7-9998 


•3984 


58. 


7-9580 


— 7-0590 


5a 


80013 


- 7-4071 



154^ Table XVI. continued. 

For the equation of Equal Altitudes of the Sun. 



Interval 


Log. A 


Log.B 


Interval 


Log. A 


Log.B 




h m 

14 


80028 


- 7*4158 


h m 

15 


80521 


^ 7'635« 


2 


•0044 


•4244 


2 


•0539 


•6413 




4 


•0059 


•4328 


4 


•0556 


•6475 




6 


•0075 


•4412 


6 


•0574 


•6637 




8 


•0090 


•4494 


8 


•0592 


•6599 




10 


•0106 


•4675 


10 


•0610 


•6660 




12 


•0122 


•4655 


12 


•0628 


•6721 




14 


•0138 


•4735 


14 


•0646 


•6781 




16 


•0154 


•4813 


16 


•0664 


•6841 




18 


•0170 


•4890 


18 


•0682 


•6900 




20 


•0186 


•4967 


20 


•0700 


•6959 




22 


•0202 


•5043 


22 


•0718 


•7018 




24 


•0218 


•5118 


24 


•0737 


•7077 




26 


•0234 


•5192 


26 


•0756 


7135 




28 


•0250 


•5265 


28 


•0774 


•7192 




30 


•0267 


•5338 


30 


•0792 


•7249 




32 


•0283 


•5410 


32 


•0811 


•7306 




34 


•0300 


•5481 


34 


•0830 


•7363 




36 


•0316 


•5551 


36 


•0849 


•7419 




38 


•0333 


•5621 


38 


•0868 


•7476 




40 


•0350 


•5690 


40 


•0887 


•7531 




42 


•0367 


•5759 


42 


•0906 


•7586 




44 


•0384 


•5827 


44 


•0925 


•7641 




46 


•0400 


•5894 


46 


•0945 


•7696 




48 


•0417 


•5961 


48 


•0964 


•7751 




50 


•0435 


•6027 


50 


•0983 


•7805 




52 


•0452 


•6092 


52 


•1003 


•7859 




54 


•0469 


•6158 


54 


•1023 


•7912 




56 


•0486 


•6222 


56 


•1042 


•7966 




58 


80504 


- 7-6286 


58 


81062 


— 7-8019 





Tabu XVI. continued. 15S* 

For the equadoo of Eqoal Akitades of (he Sun. 



Interval 


Log. A Lo 


S. B 


Interval 


Log, A 


Log. B 


le" o" 


8-1082 — 7 


8072 


17" 0" 


8^1726 


- 7-9571 


2 


■1102 


8135 


2 


•1749 


■9618 


4 


■1122 


8177 


4 


■1773 


■9666 


6 


■1143 


8239 


6 


■1796 


•9713 


8 


■1163 


8381 


8 


■181S 


-9761 


10 


■1183 


8333 


10 


■1843 


■9808 


12 


■1204 


8385 


12 


■1867 


-9855 


14 


■1224 


8436 


14 


■1890 


■9902 


16 


■1245 


8487 


16 


■1914 


■9949 


18 


■1266 


8538 


18 


■1938 


7-9996 


80 


■1287 


8589 


20 


■1963 


80043 


82 


■1308 


8640 


22 


■1S87 


■0090 


24 


■1329 


8690 


24 


■2011 


■0137 


26 


■1350 


8740 


26 


■3036 


■0184 


28 


■1371 


8790 


28 


■2061 


■0230 


30 


■1393 


8840 


30 


■2086 


-0277 


33 


■1414 


8890 


32 


■2111 


-0323 


34 


■1436 


8939 


34 


■2136 


-0370 


36 


■1458 


8989 


36 


■3161 


■0416 


38 


■1479 


9038 


38 


■2186 


-0462 


40 


■1501 


9087 


40 


■2313 


■0508 


42 


-1523 


9136 


42 


■2237 


-0555 


44 


■1546 


9185 


44 


■2263 


-0601 


46 


■1568 


9234 


46 


■2289 


-0647 


48 


■1590 


9283 


48 


■2315 


-0693 


50 


■1612 


9330 


50 


■2341 


■0739 


52 


■1635 


9379 


52 


■2367 


■0785 


54 


■1658 


9427 


54 


■2394 


■0831 


56 


■1680 


9475 


56 


■2420 


■0877 


■ 58 


81703 — 7 


9523 


58 


8-2447 


- 8-0923 



150* Tabu XVI. condnued. 

For (he equation of Equal Altitudes of the Son. 



Interf>1 I. 


og.A 


Log.B 


loterval L 


og.A 


Log.B 


Ib" o" 8 


8474 


- 8-0900 


19 fl" 8 


3359 


- 8-2351 


S 


^601 


•1015 


2 


3392 


-2401 


4 


U2» 


■1061 


4 


3424 


■2448 


6 


SSJS6 


■1107 


6 


3457 


-3495 


8 


2683 


■1153 


8 


3490 


■2542 


10 


8611 


•1199 


10 


3684 


■8589 


12 


«J39 


■1845 


12 


3567 


•2637 


14 


S«fl7 


■18»1 


14 


3601 


■2684 


16 


«6SS 


■1336 


16 


3625 


■8732 


18 


«783 


•1388 


18 


3659 


-2779 


80 


■8768 


•1438 


80 


3694 


■3887 


« 


8781 


■1474 


S3 


3728 


■2875 


S4 


3809 


■1680 


84 


3763 


■8923 


S6 


2838 


■1566 


26 


3798 


•2971 


88 


8868 


■1618 


88 


3834 


•3019 


30 


8897 


■1658 


30 


3869 


•3068 


38 


8986 


■1704 


38 


3905 


■3116 


34 


8956 


■1750 


34 


3941 


-3165 


36 


2886 


■1797 


36 


3978 


•3214 


38 


3016 


■1842 


33 


4015 


•3263 


40 


3046 


■1880 


40 


4068 


•3312 


48 


3077 


■1935 


43 


4080 


■3361 


44 


3107 


-1981 


44 


4126 


■3410 


46 


3138 


■8088 


46 


4164 


•3460 


48 


3169 


■2074 


48 


4202 


-3610 


60 


3200 


■3131 


GO 


4841 


■3560 


58 


3233 


■2167 


D2 


4879 


■3610 


S4 


3263 


■3214 


54 


4319 


■3660 


56 


3895 


■22«1 


66 


4357 


•3711 


68 8 


3387 


- 8-3307 


68 8 


4397 


- 8-3761 



Table XVI. continued. 157* 

For the equation of Equal Altitudes of the Sun. 



Interval L 


og. A Lo 


g-B 


Intervn! L 


OE.A 


Log. B 


80 o" 8 


4437 - 8 


3812 


Si'' o" 8 


5810 


- 8-5466 


2 


4477 


3863 


2 


5863 


■5527 


4 


4518 


3S15 


4 


5917 


■5588 


6 


4559 


3966 


6 


5971 


■5650 


S 


4600 


4018 


8 


6025 


■5712 


10 


4841 


4070 


10 


6081 


■5775 


12 


4683 


4)32 


12 


6136 


■5838 


■ 14 


4726 


4175 


14 


6193 


■6902 


16 


4768 


4227 


16 


6250 


■5966 


18 


4811 


4280 


18 


6308 


■6031 


20 


4854 


4334 


20 


6366 


-6096 


22 


4808 


4387 


22 


6436 


-6162 


24 


4942 


4441 


24 


6486 


-6229 


26 


4987 


4495 


26 


6546 


•6296 


28 


5032 


4549 


38 


6C08 


-63G4 


■ 30 


5077 


4604 


30 


6(i70 


■6433 


32 


5123 


4659 


32 


6733 


■6502 


34 


5169 


4714 


34 


6796 


■6572 


36 


5216 


4770 


36 


6861 


■6643 


38 


5362 


4826 


38 


6927 


■6715 


40 


5310 


4882 


40 


6993 


■6788 


42 


5357 


4939 


42 


7060 


-6860 


44 


5406 


4996 


44 


7128 


-6934 


46 


5455 


5053 


46 


7197 


■7009 


48 


5504 


5111 


48 


7268 


■7085 


50 


5554 


5169 


50 


7339 


-7162 


52 


5604 


S228 


52 


7411 


-7239 


54 


5656 


6287 


64 


7484 


-7318 


56 


5706 


5346 


66 


7558 


■7393 


58 8 


5758 - 8 


540C 


5g 8 


7634 


- 8-7478 



158^ 



Table XVI. continued. 



For the equation of Equal Altitudes of the Sun. 



Intenral 


lx)g. A 


Log. B 


Interval 


Log. A 


Log.B 




h m 

S2 


87711 


- 87560 


h m 

23 


9-0877 


-. 9009 




« 


.7789 


•7643 


2 


-1029 


•0995 




4 


7868 


7727 


4 


•1187 


•1155 




6 


7948 


7813 


6 


•1361 


•1321 




8 


•8030 


7899 


8 


•15£0 


•1492 




10 


•8113 


7987 


10 


•1696 


•1670 




12 


•8108 


•8076 


12 


•1879 


•1855 




14 


•8284 


•8167 


14 


•2069 


•2047 




16 


•8372 


•8259 


16 


'226S 


•2248 




V8 


•8461 


•8353 


18 


•2476 


•2456 




20 


•8553 


•8448 


20 


•2693 


•2677 




«« 


•8645 


•8545 


22 


•2922 


•2907 




24 


•8740 


•8 644 


24 


•3162 


•3149 




26 


•8837 


•8745 


26 


•3416 


•3404 




2S 


•8935 


•8847 


28 


•3685 


•3674 




30 


•9036 


•8952 


30 


•3971 


•3962 




32 


•9139 


•9058 


32 


•4276 


•4268 




34 


•9244 


•9167 


34 


•4604 


•4597 




36 


•9351 


•9278 


36 


4957 


•4952 




38 


•9461 


•9391 


38 


•5341 


•5336 




40 


•9574 


•9507 


40 


•5761 


•5757 




42 


•9689 


•9626 


42 


•6224 


•6221 




44 


•9807 


•9747 


44 


•6742 


•6739 




46 


8-9928 


•9871 


46 


•7328 


•7326 




48 


90052 


8-9999 


48 


•8003 


•8001 




50 


•0180 


90129 


50 


•8801 


•8800 




52 


•0311 


•0263 


52 


9-9776 


9-9775 




54 


•0446 


•0401 


54 


01031 


0-1031 




56 


•0585 


•0543 


56 


0-2798 


0-2798 




58 


9^0729 


— 8^0689 ■ 


58 


0-5814 


— 0-5814 





TABLE XVII. 



153 



Showing the Altitude of a star, whose Declination is less 
than the Latitude of the place, at the moment of its pass- 
ing the Prime Vertical : also of a star, whose Declina- 
tion is greater than the Latitude of the place, at the time 
of its greatest Azimuth, or at the moment when the ver- 
tical becomes a tangent to the circle of declination. 

N.B. The Declination must be on the same side of the 
equator as the Latitude of the place. 



Lat. 

o 
5 


Declination of the star 1 


5° 


10° 


15° 


20** 


25° 


30° 


35° 


90^ (i 


30° 8' 


19%l' 


U 46* 


11*^54' 


10° 2' 


8° 44' 


10 


30 8 


90 


42 8 


30 31 


24 16 


20 19 


17 37 


15 


19 41 


42 8 


90 


49 11 


37 46 


31 10 


26 49 


20 


14 46 


30 31 


49 11 


90 


54 40 


43 10 


36 36 


25 


11 54 


24 16 


37 46 


54 40 


90 


57 45 


47 28 


30 


10 2 


20 19 


31 10 


43 10 


57 45 


90 


60 40 


35 


8 44 


17 37 


26 49 


36 36 


47 28 60 40 


90 


40 


7 48 


15 40 


2S 45 


32 9 


41 6 


51 4 


63 la 


45 


7 5 


14 13 


21 28 


28 56 


36 42 


45 


54 12 


50 


6 32 


13 6 


19 45 


26 31 


33 29 


40 45 


48 29 


55 


6 6 


1^ 14 


18 25 


24 41 


31 4 


37 37 


44 27 


60 


5 47 


11 34 


17 23 


23 16 


29 40 


35 16 


41 29 


65 


5 31 


11 3 


16 36 


22 10 


27 48 


33 29 


39 16 


70 


5 19 


10 39 


15 59 


21 21 


26 44 


32 9 


37 37 



The change of altitude, on the Prime Vertical, in one second of time 

is = 15" X sin Lat. 



156 



Tabu XVIIL oomanuedL 



For the Reduction to the Meridian: showing the value d 

. Ssin'iP 



Sec 


1 


8- 


9" 10« 


11" 


12- 


13- 


14- 


12^;? 


159',0 


19^',3 


23f',5 


28^17 


ssi'fi 


38^ 


12G;2 


159,6 


197.0 


238,3 


283,5 


332,6 


385.6 


2 


126.7 


160,2 


197.6 


239,0 


284,2 


333,4 


386,6 


3 


i27;2 


160,8 


198,3 


239,7 


285,0 


334,3 


387,5 


4 


127,8 


161,4 


198,9 


240,4 


285,8 


335,2 


388,4 


5 


128,3 


162,0 


199,6 


241,2 


286,6 


336,0 


389^ 


6 


128,8 


162,6 


200,3 


241,9 


287,4 


336,9 


390,2 


7 


129,3 


163,2 


200.9 


242,6 


288,2 


337,7 


391,1 


8 


129,9 


163,8 


201,6 


243,3 


289,0 


338,6 


39^1 


9 


130,4 


164,4 


202,2 


244,1 


289,8 


339,4 


39%0 


10 


131,0 


165,0 


202,9 


244,8 


290,6 


340,3 


39^ 


11 


131,5 


165,6 


203,6 


245,5 


291,4 


341,2 


39iS 


12 


132,0 


166,2 


204,2 


246,3 


292,2 


342,0 


395^ 


13 


132,6 


166,8 


204,9 


247,0 


293,0 


342,9 


396^7 


14 


133,1 


167,4 


205,6 


247,7 


293,8 


343,7 


397,6 


15 


133,6 


168,0 


206,3 


248,5 


294,6 


344,6 


398,6 


16 


134^ 


168,6 


206,9 


249,2 


295,4 


345,5 


399,5 


17 


134,7 


169,2 


207,6 


249,9 


296,2 


346,4 


400,5 


18 


135,3 


169,8 


208,3 


250,7 


297.0 


347,2 


401,4 


19 


135,8 


170,4 


208,9 


251,4 


297,8 


348,1 


402,3 


20 


136,3 


171,0 


209,6 


252,2 


298,6 


349,0 


403,3 


21 


136,9 


171,6 


210,3 


253,0 


299,4 


349,8 


404,2 


22 


137,4 


172,2 


211,0 


253,6 


300.2 


350,7 


405,1 


23 


138,0 


172,9 


211,7 


254,4 


301,0 


351,6 


406,0 


24 


138,5 


173,5 


212,3 


255,1 


301,8 


352,5 


407,0 


25 


139,1 


174,1 


213,0 


255,9 


302,6 


353,3 


408,0 


26 


139,6 


174,7 


213,7 


256,6 


303,5 


354,2 


408,9 


27 


140,2 


175,3 


214,4 


257,4 


304,3 


355,1 


409,9 


28 


140,7 


175,9 


215,1 


258,1 


305,1 


356,0 


410,8 


29 


141,3 


176,6 


215,8 


258,9 


305,9 


356,9 


411,7 



Table XVIII. continued. 157 

For the Reduction to the Meridian: showing the value of 

. _2sin«iP 









x^ ^-» - 


sin 1" 








Sec. 
30 


gm 


gm 


lO" 


jjm 


12" 


13"' 


14« 


Hl'ls 


17^12 


21^U 


256'fi 


306^7 


35^,7 


4li'7 


31 


142.4 


177,8 


217,1 


260,4 


307,6 


358,6 


413,6 


32 


143,0 


178,4 


217,8 


26 J, 1 


308,4 


359,5 


414,6 


33 


143,5 


179,0 


218,6 


261,9 


309,2 


360,4 


415,5 


34 


144,1 


179 J 


219,2 


262,6 


310,0 


361,3 


416.5 


35 


144,6 


180,3 


219,9 


263,4 


310,8 


362,2 


417,5 


36 


145,2 


180,9 


220,6 


264,1 


311,6 


363,1 


418,4 


37 


145,8 


181,6 


221,3 


264,9 


312,5 


364,0 


419,4 


38 


146,3 


182,2 


222,0 


265,7 


313,3 


364,8 


420,3 


39 


146,9 


182,8 


222,7 


!5}66,4 


314,1 


365,7 


421,3 


40 


147,5 


183,5 


223,4 


267,2 


315,0 


366,6 


422,2 


41 


148,0 


184,1 


224,1 


267,9 


315,8 


367,5 


423,2 


42 


148,6 


184,7 


224,8 


268,7 


316,6 


368,4 


424,2 


43 


149,2 


185,4 


225.5 


269,5 


317.4 


369,3 


425,1 


44 


149,7 


186,0 


226,2 


270,3 


318,3 


370,2 


426^1 


46 


150,3 


186,6 


226,9 


271,0 


319,1 


371,1 


427,0 


46 


150,9 


187,3 


227,6 


271,8 


319,9 


372,0 


428,0 


47 


151,5 


187,9 


228,3 


272,6 


320,8 


372,9 


429,0 


48 


152,0 


188,5 


229,0 


273,3 


321,6 


373,8 


429,9 


49 


152,6 


189,2 


229,7 


274,1 


322,4 


374,7 


430,9 


50 


153,2 


189,8 


230,4 


274,9 


323,3 


375,6 


431,9 


51 


153,8 


190,5 


231,1 


275,6 


324,1 


376,5 


432,8 


52 


154,4 


191,1 


231,8 


276,4 


325,0 


377,4 


433.8 


53 


154,9 


191,8 


232,5 

• 


277,2 


325,8 


378,3 


434,8 


54 


155,5 


192,4 


233,2 


278,0 


326,7 


379,3 


435,8 


55 


156,1 


193,1 


234,0 


2783 


327,5 


380,2 


436,7 


56 


156,7 


193,7 


234^7 


279,5 


328,4 


381,1 


437,7 


57 


157^ 


194,4 


235,4 


280,3 


329,2 


382,0 


438,7 


58 


157.8 


195,0 


236,1 


281,1 


330,0 


382,9 


439,7 


50 


158.4 


195,7 


236,8 


281,9 


330^ 


383,8 


440,6 



ISS Tablb XVlIL oontiiittad. 

For the RedoGlion to the Meridian: showing the value of 

A ^ -— ^T — nr— 



8in 1 



ir 



8ec.l 16- 


16- 


17- 


18- 


19- 


90- 


21- 





urfi 


301^13 


36:/!« 


63^19 


70^14 


78i'» 


8«i|3 


1 


442,6 


503,3 


568,3 


637,0 


709,7 


786,« 


666,6 


« 


443.6 


504,6 


569,4 


638,2 


710,9 


787,» 


868,0 


3 


444,6 


505,6 


570,5 


639,4 


71%1 


788,8 


869,4 


4 


445,6 


506.7 


571,6 


640,6 


713,4 


790.1 


8703 


6 


446,3 


507,7 


57%8 


641,7 


714,6 


791,4 


872,1 


6 


447,5 


508,8 


573,9 


642,9 


716,8 


79«;7 


8733 


7 


448,3 


5093 


575,0 


644.1 


717,1 


794,0 


8743 


8 


449,3 


310,9 


576,1 


645,3 


718.4 


796,4 


8763 


9 


430,3 


511,9 


577,2 


646.5 


719,6 


796,7 


8773 


10 


431,3 


513,0 


578,4 


647.7 


7«0,ft 


798,0 


87ftO 


11 


432,3 


514,0 


579,5 


648,9 


7««.l 


799,S 


880,4 


1£ 


433^ 


515,1 


380,6 


650.0 


7*3^4 


800,7 


8813 


13 


434,3 


516,1 


581,7 


651,2 


7«4,6 


802,0 


8833 


14 


433,3 


517,« 


582,9 


652,4 


786,9 


803,3 


884.6 


16 


436,5 


518,3 


584,0 


653,6 


7«7,« 


804,6 


8863 


16 


437,3 


519,3 


585,1 


654,8 


728,4 


806.0 


887,4 


17 


438,3 


520.4 


586.2 


666,0 


7«9,7 


807,8 


8883 


18 


439,3 


521.5 


687,4 


657,2 


730,9 


808.6 


8903 


19 


460,3 


522,5 


588,5 


658,4 


732,2 


809,9 


8913 


20 


461,3 


523,6 


589,6 


659.6 


733,6 


811.3 


893.0 


21 


462,5 


524.6 


690.8 


660.8 


734,7 


812,6 


894,4 


22 


463,5 


526,7 


691,9 


662.0 


786.0 


813,9 


8953 


23 


464.5 


526,8 


693,0 


663,2 


737.3 


816,2 


8973 


2A 


465,5 


627,9 


694,2 


664,4 


738,6 


816,6 


898.6 


2& 


466,5 


628,9 


696,3 


666,6 


739.8 


817.9 


9003 


26 


467,5 


630,0 


696,5 


666.8 


741,1 


819,2 


901,4 


27 


468^ 


531,1 


697,6 


668,0 


742,3 


820,6 


9023 


2S 


469,5 


532,2 


698,7 


669.2 


743,8 


821,9 


9043 


20 


470,5 


633,2 


699.9 


670,4 


744,9 


823,2 905,6 



Tabu XVIIL continued. 



159 



For the ReducticHi to the Meridian: showing the vahie of 

. SsinHP 
^-" sinl" ' 



Sec. 


15m 


16™ 


17m 


18n» 


19°» 


20">' 


21«« 


30 


47M 


534!3 


60l|0 


67l"6 


74d'2 


82^16 


9Qfi'fi 


31 


472,6 


535»4 


602;2 


672;8 


747.4 


825,9 


908,4 


31^ 


473,6 


536^5 


603,3 


674^ 


748J 


827,3 


909,8 


33 


474,6 


537,6 


604,5 


675,3 


75*0 


828,6 


911,2 


34 


475,6 


538J 


605,6 


676,5 


751,3 


829,9 


912,6 


35 


476,6 


539,7 


606,8 


677,7 


752,6 


831,2 


914,0 


36 


477,6 


540,8 


607,9 


678,9 


753,8 


832,6 


915,5 


37 


478,7 


541,9 


609,1 


680,1 


755,1 


833,9 


916,9 


38 


479^7 


543,0 


610,2 


681,3 


756,4 


835,3 


918,3 


39 


48*7 


544^1 


611,4 


682,6 


757.7 


836,6 


919jr 


40 


481,7 


545^2 


612,5 


683,8 


759,0 


838,0 


921,1 


41 


482,8 


546,3 


613,7 


685,0 


760,2 


839,3 


922,5 


411 


483,8 


547,4 


614,8 


686,2 


761,5 


840,7 


923,9 


43 


484,8 


548,4 


61*0 


687,4 


7623 


842,0 


925,3 


44 


485,8 


54*5 


617,2 


688,7 


764.1 


843^4 


92*8 


U 


486,9 


550,6 


618,3 


689,9 


765,4 


844,7 


928,2 


46 


487.9 


551,7 


619,5 


691,1 


766,7 


846,1 


92*6 


47 


488,9 


552,8 


620,6 


692,4 


768,0 


847,5 


931,0 


48 


490,0 


553,9 


621J» 


693,6 


769,3 


848,9 


932,4 


49 


491,0 


555,0 


623,0 


694,8 


770,6 


850,2 


93*6 


50 


492,0 


556,1 


624,1 


696,0 


771,9 


851,6 


935,2 


51 


493,1 


557,2 


625,3 


697,3 


773,1 


852;9 


93*6 


62 


494,1 


558,3 


626,5 


698,5 


774,5 


854,3 


938,1 


53 


495,2 


559,4 


627,6 


699,7 


775,8 


855,7 


939,5 


54 


496»8 


560,5 


628,8 


701.0 


777,1 


857,1 


94*9 


56 


497.2 


561,6 


630,0 


702,2 


778,4 


858,4 


942,3 


56 


498,3 


562,7 


631,2 


703,5 


779,7 


859,8 


943,8 


57 


499.3 


563,9 


632,3 


704,7 


781,0 


861,1 


945^ 


5g 


500,3 


565,0 


633,5 


705,9 


782,8 


862,5 


94*6 


5t 


501,4 


566,1 


634.r 


707,1 


783,6 


86^ 


94*1 



160 Table XVIII. oonfinaecL 

For the Reduction to the Meridian : showing the value of 









A-1 


Bin^iP 
sinl" 








Sec 


22« 23« 


24« 


25« 


26» 


27™ 


28« 



1 


949^6 


103:/!8 


1129!9 


122^^9 


132^19 


142^^7 


153^^ 


951,0 


1039,3 


1131,4 


1227,5 


1327,6 


1431,4 


1539^ 


2 


952,4 


1040,8 


1133,0 


1229,2 


1329,3 


1433,2 


164],I 


3 


953,8 


1042,3 


1134,6 


1230,8 


1331,0 


1434,9 


IBiiji 


4 


955,3 


1043,8 


1 136,2 


1232,5 


1332,7 


1436,7 


1544,8 


6 


956,7 


1045,3 


1137,8 


1234,1 


1334,4 


]43S,5 


1546^ 


6 


958,2 


1046,8 


1139,3 


1236,7 


1336,1 


1440^ 


1548^4 


7 


959,6 


1048,3 


1140,9 


1237,3 


1337,8 


1442,1 


1550^ 


8 


961,1 


1049,8 


1142,5 


1239,0 


1339,6 


1443,9 


15S2,1 


9 


962,5 


1051,3 


1144,0 


1240,6 


1341,2 


1446^ 


1553,9 


10 


963,9 


1052,8 


1145.6 


1242,3 


1342,9 


1447,4 


1555^ 


11 


965,4 


1054,3 


1147,2 


1243,9 


1344,6 


1449;^ 


1557,6 


12 


966,9 


1055,9 


1148,8 


1245,6 


1346,3 


1451,0 


1560^ 


13 


968,3 


1057,4 


1150,4 


1247,2 


1348,0 


1452,8 


1561,3 


14 


969,8 


1058,9 


1152,0 


1248,9 


1349,7 


1454,5 


1563,^ 


15, 


971.2 


1060,4 


1153,6 


1250,5 


1361,4 


1456^ 


1565,0 


16 


972,7 


1062,0 


1155,2 


1262,2 


1363,2 


1458,1 


1566,9 


17 


974,1 


1063,5 


1156,8 


1263,8 


1364,9 


1459,9 


1568,7 


18 


975,5 


1065,0 


1158,3 


1266,6 


1366,6 


1461,6 


1570,6 


19 


977,0 


1066,5 


1159,9 


1267,1 


1368,3 


1463,4 


157*4 


20 


978,5 


1068,1 


1161,5 


1258,8 


1360,1 


1465,2 


1574,3 


21 


979,9 


1069,6 


1163,1 


1260,4 


1361,8 


1466,9 


1576,1 


22 


981,4 


1071,1 


1164,7 


1262,1 


1363,6 


1468,7 


1578,0 


23 


982,9 


1072,6 


1166,3 


1263,7 


1366,2 


1470,5 


1679,8 


24 


984,4 


1074,2 


1167,9 


1265,4 


1367,0 


1472,3 


1681,7 


25 


985,8 


1075,7 


1169,5 


1267,0 


1368,7 


1474,0 


1683,6 


26 


987,3 


1077,2 


1171,1 


1268,7 


1370,4 


1476,9 


1685,3 


27 


988,8 


1078,7 


1172,7 


1270,3 


1372,1 


1477,7 


1587;^ 


28 


990,3 


1080,3 


1174,3 


1272,1 


1373,9 


1479,5 


1589,1 


29 


991,8 


1081,8 


1175,9 


1273,7 


1376,6 1481^ 1590,9 



Table XVIII. continued. 



}6l 



For the Reduction to the Meridian : showing the value of 

. 2sin«iP 

A — ; — :rji — 

sm 1" 



Sec. 
30 


22m 


. 23"> 


24m 


25™ 


26'n 


27m 


28"» 


993^ 


1083,3 


1177,5 


1275,4 


137^,4 


1483,1 


1592,7 


31 


994,7 


1084,8 


1179,1 


1277,1 


1379,0 


1484,9 


1594,6 


S2 


99(h^ 


1086,4 


1180,7 


1278,8 


1380,8 


1486,7 


1596,^ 


33 


997,6 


1087,9 


1182,3 


1280,4 


1382,5 


1488,5 


1598,3 


34 


9$9,1 


1089,5 


1183,9 


1282,1 


1384,2 


1490,3 


1600,2 


36 


10H6 


1091,0 


1185,5 


1283,8 


1385,9 


1492,1 


1602,1 


36 


100^,1 


1092,6 


1187.1 


1285,5 


1387,7 


1493,9 


1604,0 


«r 


1003,5 


1094,1 


1188,7 


1287,1 


1389,4 


1495,7 


1605,9 


m 


1005,0 


1095,7 


1190,3 


1288,8 


1391,2 


1497,5 


1607,7 


39 


1006,5 


1097,2 


1191,9 


1290,5 


1392,9 


1499,3 


1609,6 


40 


1008,0 


1098,8 


1193,5 


1292,2 


1394,7 


1501,1 


1611,5 


41 


1009,4 


1100,3 


1195,1 


1293,8 


1396,4 


1502,9 


1613^3 


42 


1010,9 


1101,9 


1196,7 


1295,5 


1398,2 


1504,7 


1615,2 


43 


101%4 


1103,4 


1198,3 


1297.2 


1399,9 


1506,5 


1617,1 


44 


1013^ 


1105,0 


1199,9 


1298,9 


1401,7 


1508,4 


1619,0 


45 


1015,4 


1106,5 


1201,5^ 


1300,5 


1403,4 


1510,2 


1620,8 


46 


1016,9 


1108,1 


1203^1 


1302,2 


1405,2 


1512,0 


1622,7 


47 


1018,4 


1109,6 


I204jr 


1303,9 


1406,9 


1513,8 


1624,6 


48 


1019,9 


1111,2 


1206,4 


1305,6 


1408,7 


1515,6 


1626,5 


49 


1001,4 


1112,7 


1208,0 


1307,3 


1410,4 


1517,4 


1628,3 


50 


10^,8 


1114,3 


1209,6 


1309,0 


1412,2 


1519,2 


1630,2 


51 


1024,3 


1115,8 


1211,2 


1310,7 


1413,9 


1521,0 


1632,1 


62 


10^,8 


1117,4 


1212,9 


1312,4 


1415,7 


1522,9 


1634,0 


53 


1027,3 


1118,9 


1214,5 


1314,1 


1417,4 


1524,7 


1635,9 


54 


1028.8 


1120,5 


1216,1 


1315,7 


1419,2 


1526,5 


1637,7 


55 


1030,3 


1122,0 


1217,7 


1317,4 


1420,9 


1528,3 


1639,6 


56 


1031,8 


1123,6 


1219,4 


1319.1 


1422,7 


1530,2 


1641,5 


57 


103^3 


1125,1 


1221,0 


1320,8 


1424,4 


1532,0 


1643^ 


58 


1034^ 


1126 J 


1222,6 


1322,5 


1426,2 


1533,8 


1645,2 


59 


103^ 


11^3 


1224;e 


ld24;2 


1427,9 


1535,6 


1647,1 



16« 



Table XVIII. 



For the Reduction to the Meridian : showing the value of 









sin I'' 








Sec. 



29"» 


30»» 


31n» 


32™ 


33m . 


34«n 


35" 


164^1,0 


1764',6 


1884',0 


200:/l4 


213^6 


2S^fi 


24O(i!0 


1 


1650^ 


1766,6 


1886,0 


2009,4 


2136,8 


2267,8 


2402^9 


2 


1652,8 


1768,5 


1888,0 


2011,6 


2138,9 


2270,0 


2405;^ 


3 


1654,7 


1770,6 


1890,0 


2013,6 


2141,1 


2272.2 


2407^ 


4 


1656,6 


1772,4 


1892,1 


2015,7 


2143^ 


2274fi 


2409^8 


5 


1658,5 


1774.4 


1894,1 


2017,8 


2145,3 


2276,7 


Uif^ 


6 


1660,4 


1776,3 


1896,1 


2019,9 


2147,5 


2278,9 


Ulifi 


7 


1662,3 


1778,3 


1898,1 


2022,0 


2149,7 


£281,2 


2416^6 


8 


1664,2 


1780.3 


1900,2 


2024,1 


2151,8 


2283,4 


2418^9 


9 


1666,1 


1782,3 


1902,2 


2026,2 


2163^ 


2285,6 


2421,2 


10 


1668,0 


1784,2 


1904,3 


2028,3 


2156,1 


2287.8 


242^ 


11 


1669,9 


1786,2 


1906,3 


2030,6 


2168,3 


2290,0 


2425^8 


12 


1671,9 


1788^ 


1908,4 


2032,5 


2160,6 


2292,3 


2428^1 


13 


1673,8 


1790,1 


1910,4 


2034,6 


2162,6 


2294 fi 


2430^4 


14 


1676,7 


1792,1 


1912,4 


2036,7 


2164,8 


2296,S 


2432.7 


15 


1677,6 


1794,1 


1914,4 


2038,8 


2166,9 


2299,0 


2435,0 


16 


1679,5 


1796,1 


1916,5 


2040,9 


2169,1 


2301,3 


2437,3 


17 


1681,4 


1798,1 


1918,5 


2043,0 


2171,2 


2303,6 


2439,6 


18 


1683,3 


1800,0 


1920,6 


2045,1 


2173,4 


2305,8 


2441,9 


19 


1685,2 


1802,0 


1922,6 


2047,2 


2175,6 


2308,0 


2444,2 


20 


1687,2 


1804,0 


1924,7 


2049,3 


2177,8 


2310,2 


2446,5 


21 


1689,1 


1805,9 


1926,7 


2051,4 


2179,9 


2312;4 


2448,8 


22 


1691,0 


1807,9 


1928,8 


2053,5 


2182,1 


2314,7 


2451,1 


23 


1692,9 


1809,9 


1930,8 


2055,7 


2184,3 


2316,9 


2453,4 


24 


1694,8 


1811,9 


1932,9 


2057,8 


2186,5 


2319,2 


2455,7 


25 


1696,7 


1813,9 


1935,0 


2059,9 


2188,6 


2321,5 


2458,0 


26 


1698,6 


1815,8 


1937,0 


2062,0 


2190,8 


2323,7 


2460,3 


27 


1700,5 


1817,8 


1939,0 


2064,1 


2193,0 


2325,9 


2462,6 


28 


1702,5 


1819,8 


1941,1 


2006,2 


2195,2 


2328,2 


2464,9 


29 


1704,4 


1821,8 


1943,1 


2068,3 


2197,3 2330,4 


2467,2 



Table XVIII. continued. 



16S 



For the Reduction to the Meridian : showing the value of 

2sin«iJP 
^ "" sin 1" 



i9CC« 

30 


29"' 


30" 


31" 


32" 


33" 


34" 


35" 


170^,'3 


1823'8 


1945,2 


207(i,4 


219^,5 


233^,7 


246^,5 


31 


1708,2 


1825,8 


1947,2 


2072,6 


2201,7 


2334,9 


2471,8 


32 


1710,2 


1827,8 


1949,3 


2074,7 


2203,9 


2337,2 


2474,2 


33 


1712,1 


1829,8 


1951,3 


2076,8 


2206,1 


2339,4 


2476,5 


34 


1714,0 


1831,8 


1953,4 


2078,9 


2208,3 


2341,7 


2478,8 


35 


1715,9 


1833,8 


1955,5 


2081,0 


2210,5 


2343,9 


2481,1 


36 


1717,9 


1835,8 


1957,6 


2083,2 


2212,7 


2346,2 


2483,5 


87 


1719,8 


1837,8 


1959,6 


2085,3 


2214,9 


2348,5 


2485,8 


38 


1721,7 


1839,8 


1961,7 


2087,4 


2217,1 


2350,7 


2488,1 


39 


1723,6 


1841,8 


1963,7 


2089,6 


2219,3 


2353,0 


2490,4 


40 


1725,6 


1843,8 


1965,8 


2091,7 


2221,5 


2355,2 


2492,8 


41 


1727,5 


1845,8 


1967,8 


2093,8 


2223,7 


2357,5 


2495,1 


42 


1729,5 


1847,8 


1969,9 


2095,9 


2225,9 


2359,7 


2497,4 


43 


1731,5 


1849,8 


1972,0 


2098,0 


2228,1 


2361,9 


2499,7 


44 


1733,4 


1851,8 


1974,1 


2100,2 


2230,3 


2364,2 


2502,1 


45 


1735,3 


1853,8 


1976,1 


2102,3 


2232,5 


2366,4 


2504,4 


46 


1737,2 


1855,8 


1978,2 


2104,5 


2234,7 


2368,7 


2506,7 


47 


1739,2 


1857,8 


1980,3 


2106,6 


2236,9 


2371,0 


2509,0 


48 


1741,2 


1859,8 


1982,4 


2108,8 


2239,1 


2373,3 


2511,4 


49 


1743,1 


1861,8 


1984,4 


2110,9 


2241,3 


2375,5 


2513,7 


50 


1745,1 


1863»8 


1986,5 


2113,1 


2243,5 


2377,8 


2516,1 


51 


1747,0 


1865,8 


1988,6 


2115,2 


2246,7 


2380,1 


2518,4 


52 


1749,0 


1867,8 


1990,7 


2117,4 


2247,9 


2382,4 


2520,8 


53 


1750,9 


1869,8 


1992,7 


2119,6 


2250,1 


2384,6 


2523,1 


54 


1752,9 


1871,8 


1994,8 


2121,7 


2252,3 


2386,9 


2525,4 


55 


1754,8 


1873,8 


1996,9 


2123,8 


2254,5 


2389,2 


2527,7 


56 


1756,8 


1875,9 


1999,0 


2126,0 


2256,7 


2391,5 


2530,1 


57 


1758,7 


1877,9 


2001,0 


2128,1 


2258,9 


2393,7 


2532,4 


58 


i7eo,7 


1879,9 


2003,1 


2130,3 


2261,1 


2396,0 


2534,8 


59 


1762,6 


1882,0 


2005,3 


2132,4 


2263,4 


2398,3 


2587,1 



^ 2 



16* TABLE XIX. 

For the second part of tlie Redncdon to the MericKan: 





OUUWl 


11^ tiic y 


CUUC VA J 


'"• sinl" 




1 Minutes 


0- 


10- 


£0 


30- 


40- 


50* 


6 


6'fii 


ioi 


dloi 


dtoi 


i$:oi 


(f,01 


6 


0,01 


0,01 


0,01 


0,02 


0,0S 


ao2 


7 


0,02 


0,02 


0,03 


0,03 


0,08 


0,04 


8 


0,04 


0,04 


0,05 


0,05 


0,05 


0,06 


9 


0,06 


0,07 


0,08 


0,08 


0,08 


0,09 


10 


0,09 


0,10 


0,11 


0,11 


0,12 


0,13 


11 


0,14 


0,15 


0»16 


ai6 


0.17 


P,18 


12 


0,19 


0,20 


0,22 


0,^ 


OM 


0,26 


13 


0,27 


0,28 


0,30 


0^1 


0,33 


0,34 


14 


0,86 


0^ 


0,39 


0,41 


0,43 


0^45 


15 


0,47 


0,49 


0,52 


0,54 


0,56 


0^ 


16 


0,61 


0,64 


0,67 


0,69 


o,7i? 


0^75 


17 


0,78 


0,81 


0,84 


0,88 


OJBil 


6,95 


le 


0,98 


1,02 


1,06 


1,09^ 


1,1^ 


M8 


19 


i;» 


1,26 


1,30 


1,35" 


1,40 


1,44 


ko 


1,49 


1,54 


1,60 


1,65 


1,70 


1,76 


21 


1,82 


1,87 


1,93 


1,99 


2,06 


2,12 


22 


2,19 


2,25 


2,32 


2,39 


2,4« 


2,54 


23 


2,61 


2,69 


2,77 


2,85 


2,93 


3,01 


24 


3,10 


3,18 


3,27 


3,36 


3,45 


3,55 


25 


3,64 


3,74 


3,84 


^94 


4,05 


4,15 


26 


4,26 


4,37 


4»48 


4,60 


4,72 


4,83 


27 


4,96 


5,08 


5,20 


5,33 


5,46 


5,60 


28 


5,73 


5,87 


6,01 


6^15 


6,30 


6,44 


29 


6,59 


6,75 


6,90 


7,06 


7,22 


7,38 


30 


7,55 


7,72 


7,89 


8,06 


8,24 . 


8,42 


31 


8,61 


8,79 


8,98 


9,17 


9,37 


9,57 


32 


9,77 


9,97 


10,18 


10,39 


10,61 


10,82 


33 


11,04 


11,27 


11,50 


11,73 


11,96 


12,20 


34 


12,44 


12,69 


12,94 


13,19 


13,45 


13,71 


35 


13,97 


14,24 


14,51 . 


14,78 


15,06 


15,35 


• 
» ■ ■ 








« 







TASLE XX: Idfi 

Mean Obliquity of the Ecliptic, on Jan. 1. in every year 

from 1800 to 1900. 



Year 


23 27^ 


Year 


23 2^ 


Year 


23 2^ 




CI800 


54,78 


1834 


3^124 


B1868 


2^179 




1801 


64,32 


1835 


38,78 


1869 


23,24 




1802 


53,86 


B1836 


38,32 


1870 


22,79 




1803 


53,41 


1837 


37,87 


1871 


22,33 




B1804 


52^5 


1838 


37,41 


B1872 


21,87 




1805 


52,49 


1839 


36,95 


1873 


21,42 




1806 


52,03 


B1840 


36,50 


1874 


20,96 




1807 


51,58 


1841 


36,04 


1875 


20^50 




B1808 


51,12 


1842 


35,58 


B1876 


20^04 




1809 


50,66 


1843 


35,13 


1877 


19,59 




1810 


50,21 


B1844 


34,67 


1878 


19,13 




1811 


49,75 


1845 


34,21 


1879 


18,67 




B1812 


49,29 


1846 


33,75 


B1880 


18,22 




1813 


48,84 


1847 


33,30 


1881 


17,76 




1814 


48,38 


B1848 


32,84 


1882 


17,30 




1615 


47,92 


1849 


32,38 


1883 


16,85 




B1816 


47,46 


1850 


31,93 


B1884 


16,39 




1817 


47,01 


1851 


31,47 


1885 


15,93 




1818 


46,55 


B1852 


31,01 


1886 


16,47 




1819 


46,09 


1853 


30,56 


1887 


15,«2. 




B1820 


45,64 


1854 


30,10 


B1888 


14,56 




1821 


45,18 


1855 


29,64 


1889 


14,10 




1822 


44,72 


B1896 


29,18 


1890 


13|65 




1823 


44,27 


1857 


28,73 


1891 


13,19 




B 1824 


43»81 


1856 


28,27 


B1892 


1%73 




1825 


43,35 


1659 


27,81 


1893 


12,28 




1826 


42,89 


B1660 


27,36 


1894 


ll;82 




1827 


42,44 


1861 


26,90 


1895 


ll;36 


\ 


B1828 


41,98 


1862 


26,44 


B1806 


10,90 




1820 


41,52 


1863 


25,99 


1897 


10,45 




1830 


41,07 


B1864 


25,53 


1898 


9,99 




1831 


40,61 


1865 


25,07 


1899 


9,53 




B1832 


40,15 


1866 


24,61 


C1900 


9,08 




1833 


39,70 


1867 


24,16 




y 


\ 
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TABLE XXI. 



Lunar Nutation in Longitude^ and in the Obliquity of the 

Ecliptic 

Argument s The mean place of the Moon's node. 



A 


Long. 


Obliq. 


A 


Long. 


Obliq. 





- i!oo 


+ A[}e 


260 


-1^,30 


-fcCoo 


10 


1,04 


9,14 


260 


i7;» 


-0,49 
1,07 


so 


2,12 


9,00 


270 


17,21 


30 


3,16 


9,00 


280 


17,07 


1,66 


40 


4,20 


8,88 


290 


16,86 


2;» 


60 


6,22 


8.72 


300 


16/^7 


2,79 


60 


6,23 


8,63 


310 


16,23 


3,34 


70 


7,20 


8,31 


320 


16,81 


3,88 


80 


8,16 


8,06 


330 


16,33 


4,41 


00 


9,08 


7,77 


340 


14,79 


4,92 


100 


9,97 


7,46 


350 


14,19 


6,41 


110 


10,82 


7,11 


360 


13»63 


6,88 


120 


11,63 


6,74 


370 


12,82 


6,33 


130 


12,40 


6,34 


380 


12,06 


6,76 


140 


13,12 


6,91 


390 


11,23 


7,14 


160 


13,80 


5,46 


400 


10,37 


7,61 


160 


14,42 


4,99 


410 


9,46 


7,85 


170 


14,98 


4,50 


420 


8,51 


8,16 


180 


15,49 


4,00 


430 


7,52 


8,43 


100 


15,94 


3.47 


440 


6,51 


8,67 


200 


16,33 


2,93 


450 


6,47 


8,87 


210 


16,65 


2,38 


460 


4,40 


9,04 


220 


16,91 


1,82 


470 


3,32 


9,17 


230 


17,11 


1,25 


480 


2,22 


9,26 


240 


17,24 


0,67 


490 


1,09 


9,32 


250 


- 17,30 


-h0,09 


500 


- 0,00 


-9,34 



Table XXL ccmdnmed. let. 

Lunar Nutation in 'Longitude, and in the Obliquitjr of the 

Ecliptic. 

Argument = The mean place of the Moon's node. 



Si> 


Long. 


Obliq. 


Si> 


Long. 


Obliq. 


500 


+ HfiO 


-^:34 


750 


+ 17',30 


+ (i!o9 


510 


1,09 


9,32 


760 


17,24 


0,67 


520 


2,22 


9,26 


770 


17,11 


1,25 


530 


3,32 


9,17 


780 


16,91 


1,82 


540 


4,40 


9,04 


790 


16,65 


2,38 


550 


5,47 


8,87 


800 


16,33 


2,93 


560 


6,51 


8,67 


810 


15,94 


3,47 


570 


7.52 


8,43 


820 


15,49 


4,00 


580 


8,51 


8,15 


830 


14,98 


4,50 


590 


9,46 


7,85 


840 


14,42 


4,99 


600 


10,37 


7.51 


850 


13,80 


5,46 


610 


11,23 


7,14 


860 


13,12 


5,91 


620 


12,05 


6,75 


870 


12,40 


6,34 


630 


12,82 


6,33 


880 


11,63 


6,74 


640 


13,53 


5,88 


890 


10,82 


7,11 


650 


14,19 


6,41 


900 


9,97 


7,46 


660 


14,79 


4,92 


910 


9,08 


7,77 


670 


15,33 


4,41 


920 


8,16 


8,06 


680 


15,81 


3,88 


930 


• 7,20 


8,31 


690 


16,23 


3,34 


940 


6,23 


8,53 


700 


16,57 


2,79 


950 


5,22 


8,72 


710 


16,85 


2,22 


960 


4,20 


8,88 


720 


17,07 


1,65 


970 


3,16 


9,00 


730 


17,21 


1,07 


980 


2,12 


9,09 


740 


17,29 


-0,49 


990 


1,04 


9,14 


750 


+ 17,30 


+ 0,09 


1000 


-f 0,00 


+ 9,16 



les 



TABLE XXIL 



Solar Natfttioii in Longitude; and the solar nutatkxv 
added to the mean diminution^ of the Obliquity of the 
Ecliptic. 

Argument s The day of the year* 



Day 


liong. 


Obliq. 


Day 


Long. 


Obliq. 


Jan. I 


+ci:47 


-(Kso 


July 


10 


+rf:74 


-rf:(>8 


11 


0»85 


0,41 




20 


1,03 


0^ 


21 


1,1£ 


0,27 




30 


l^i 


0,41 


31 


1,25 


-0,10 


Ai^st 9 


1,25 


0,24 


Feb. 10 


1,22 


+ 0,08 




19 


1,16 


-0,08 


£0 


1,05 


0,24 




29 


0,93 


+ ft06 


March 2 • 


0,74 


0,36 


Sept. 


8 


0,60 


0,16 


\2 


+ 0,35 


0,43 




18 


+ 0,20 


0,21 


22 


-0,08 


0,44 




28 


-0,23 


0,20 


April 1 


0,50 


0,39 


Oct. 


8 


0,63 


+ 0,12 


11 


0,85 


0,27 




18 


0,96 


-0,01 


2\ 


1,11 


+ 0,11 




28 


1,18 


0,19 


May 1 


1,24 


-0,07 


Nov. 


7 


1,25 


0,39 


11 


1,23 


0,27 




17 


1,18 


0^59 


2\ 


1,08 


0,45 




27 


0,96 


0,77 


31 


0,81 


0,60 


Dec. 


7 


0,60 


0,90 


June 10 


0,45 


0,71 


% 


17 


-0,20 


a98 


20 


-0,05 


0,76 




27 


+ 0,25 


0,98 


30 


+ 0.37 


-0,75 




37 


+ 0,66 


-0,93 



N.B. The Longitude ought to be further corrected by — 0",207 sin 2 }) : 

and the Obliquity by + 0",090 cos 2 D . 

* In Leap years, we must deduct unity from all these tabular dates afler 
February, in order to obtain the corresponding civil date. 



176 TABLE XXX. 

For the Lunar Nutation of a star in M and Dec. 
Argument, SI = ^e mean longitude of Moon's node. 



0° 


o> 


_!■ 


1. vu- II 


II- VIII' 




Log.fi 


B 


- + 


Log.i 


B 


- + ' 


-og.4 


B 


- + 





9844 


6 


0.00 


0-9588 


^4^ 


8'>7 


8960 


7 48 


14"33 


30° 


I 




9844 


15 


0,39 


■9571 


6 54 


8,52 ' 


8939 


7 40 


14,47 


29 


2 




9843 


31 


0,58 


■9351 


7 3 


8,77 


8917 


7 33 


14.61 


29 


3 




9S42 


46 


0.87 


■9536 


7 12 


9,01 


8890 


7 23 


14,74 


27 


4 




9840 


1 1 


1,15 


■9518 


7 20 


9,35 


8875 


7 14 


14,87 


36 


5 




9837 


1 16 


1,44 


■9500 


7 28 


9.49 


8654 


7 4 


14,99 


25 


(! 




9834 


1 32 


1,73 


■9481 


7 36 


9,73 


8834 


6 53 


15,11 


24 


7 




9830 


1 47 


3,02 


■9462 


7 43 


9,96 


8914 


6 43 


15.23 


23 


8 




9B2.'i 


2 2 


2,30 


■9442 


7 49 


10,19 


8795 


6 ■29 


15,34 


22 


9 




9831 


2 17 


3,59 


■9432 


7 55 


10,41 


8776 


6 17 


15.45 


21 


10 




m\s 


2 31 


2,87 


■9402 


8 I 


10,63 


8758 


6 3 


15.55 


20 


11 




9809 


2 46 


3,16 


■9382 


8 6 


10,85 


8740 


5 49 


16.64 


19 


IS 




9802 


3 1 


3,44 


■9361 


8 10 


11,07 1 


8723 


5 35 


15.73 


IS 


13 




9795 


3 15 


3,73 


■9340 


8 14 


11.28 


8707 


5 20 


15,82 


17 


U 




9787 


3 29 


4,00 


■9318 


8 17 


11,49 


8691 


5 4 


15,90 


16 


15 




9779 


3 43 


4.28 


■9297 


8 20 


11.70 


8677 


4 48 


15,98 


15 


16 




9770 


3 57 


4,56 


■9275 


8 23 


11,90 


8663 


4 31 


16,05 


14 


17 




97G0 


4 11 


4,84 


■9253 


8 34 


13,10 


8649 


4 14 


16.12 


13 


18 




9750 


4 34 


5,11 


■9231 


8 25 


12,30 


8637 


3 56 


16,18 


12 


19 




9739 


4 37 


5,39 


■9208 


8 25 


12,49 


8625 


3 38 


16,24 


11 


20 




9728 


4 50 


3,66 


■0186 


8 25 


12,67 


8615 


3 20 


16,29 


10 


31 




9716 


5 3 


5,93 


■91IJ3 


8 24 


12,86 


8605 


3 1 


16,34 


9 


22 




9704 


5 16 


6.30 


■9140 


8 23 


1.1,04 


8596 


3 41 


16,38 


8 


23 




9691 


5 2S 


6 46 


■•3118 


a 0,1 


13,21 


8588 


3 33 


16,42 


7 


24 




9678 


5 40 






18 


13.38 


8582 


2 2 


16,45 


6 


25 




9664 


5 51 






15 


13,55 


8570 


1 42 


16,48 


5 


26 




9650 


6 3 






11 


13,72 


3571 


1 22 


16.30 


4 


27 




9635 


6 14 






6 


13,88 


8568 


1 2 


16,33 


3 


29 




9620 


6 24 






1 


14,03 


8.^65 


41 


16,53 


S 


2D 




9604 


6 35 






i5 


14,18 


8563 


21 


16,54 


1 


30 





9588 


G 45 






18 


14,33 


8563 





16,54 







Log. A 


+ 
B 


- + 


Log.fi 


B 


- + I 


06-4 


vT 


[-t 


\ 


V 


XI. 


IV 


• - \" 


\\V Vk' 


\ 



TABLE XXIX. 
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teeandpitoti 


lie Aber 


ratumof 


astar 


in 


Argument8» (O 


• +D) 


and(0 


-D). 


> 




O Vf 


I- VII- 


II- VIII- 








- + 


- -f 


- + 






o 




4:o3 


^49 


iQ2 


30^ 




1 


4.03 


3,46 


1,96 


29 




2 


4,03 


3,42 


1,89 


28 




3 


4,03 


3,38 


1,83 


27 




4 


4,02 


3,34 


1,77 


26 




A 


4,02 


3,30 


1,70 


25 




6 


4,01 


3,26 


1,64 


24 




7 


4,00 


3,22 


1,58 


28 




8 


3,99 


3,18 


1^1 


22 




9 


3,98 


8^13 


1,4ft 


21 




10 


3,97 


3,09 


1,38 


20 




11 


3,96 


3^ 


1,31 


19 




IS 


3,9ft 


3,00 


1,26 


18 




13 


3,93 
3,91 


2,95 


1,18 


17 




14 


2,90 


1,11 


16 




1ft 


3,90 


2,8ft 


1,04 


15 




16 


3^8 


2,80 


0,98 


14 




17 


3^ 


2,7ft 


0,91 


13 




18 


3,84 


2,70 


0,84 


12 




19 


3,81 


2,6ft 


0,77 


11 




20 


3,79 


2,ft9 


0,70 


10 




21 


3,77 


2,54 


0,63 


9 




22 


3,74 


2,48 


0,ft6 


8 




23 


3,71 


2,43 


0,49 


7 




24 


3,68 


2,37 


0,42 


6 




25 


3,66 


2,31 


0,35 


5 




26 


3,63 


2,26 


0,28 


4 




27 


3,59 


2,20 


0,21 


3 




28 


3,56 


2,14 


0,14 


2 




29 


3,53 


2,08 


0,07 


1 




30 


3,49 


2,02 


0,00 









+ - 


+ - 


+ - 








V» XI» 


IV- X- 


III- IX- 







174 TABLE XXVIII. 

For determining the Aberration of a star in M^ and the 
Jrrst part of the Aberration of a star in Declination. 
Argument, O = the true longitude of the sun. 







O 


VI' 


!• VII- 


II' 


YIII' 






1 


og-1 


A+ I 


og. a 


A + 


Log.« 


A + 




0° 1 


2690 


0° 1 


2790 


2'll' 


1-3977 


3=6 


30° 




1 1 


2690 


5 1 


2796 


2 14 


1-2983 


2 3 


. 29 




2 1 


2691 


11 1 


2802 


3 16 


1-2988 


2 


28 




3 1 


2693 


16 1 


2808 


2 18 


1-2993 


1 57 


27, 




4 1 


2602 


22 1 


2815 


3 20 


1-3998 


1 54 


36 




5 1 


3693 


27 1 


3821 


2 21 


1-3003 


1 51 


25 




6 ] 


2695 


32 1 


2827 


2 23 


1-3008 


1 47 


24 




7 I 


2696 


0.17 1 


2834 


3 34 


1-3013 


1 44 


23 




8 1 


2698 


43 1 


2840 


2 35 


i-3017 


1 40 


22 




9 ] 


2700 


48 1 


2847 


2 26 


1-3021 


1 36 


31 




10 I 


2703 


53 1 


2853 


2 27 


1-3035 


1 32 


30 




11 1 


2705 


58 1 


2860 


2 28 


1-3028 


1 28 


19 




13 1 


2708 


1 3 1 


2866 


2 28 


1-3032 


1 24 


18 




13 1 


27U 


1 8 1 


3873 


2 28 


1-3036 


I 20 


]? 




14 1 


3714 


1 12 1 


2879 


3 28 


1-3039 


1 16 


16 




15 1 


2718 


1 17 1 


2886 


2 28 


1-3042 


1 11 


IS 




16 1 


2721 


1 22 1 


2893 


2 28 


1-3045 


1 7 


14 




17 1 


2725 


] 26 1 


2899 


3 27 


1-3048 


1 3 


13 




18 1 


2729 


1 30 1 


2905 


2 27 


1-305O 


58 


IS 




19 1 


2733 


1 34 1 


2912 


2 26 


1-3053 


53 


11 




20 1 


2738 


1 39 1 


2918 


2 25 


1-3055 


49 


1» 




21 1 


2742 


1 42 1 


2924 


3 24 


1-3057 


44 


9 




82 1 


2747 


I 46 1 


3931 


2 22 


1-3059 


39 


8 




23 1 


2752 


1 50 1 


2938 


3 21 


1-3060 


34 


7 




24 1 


2757 


I 53 1 


2944 


2 19 


1-3061 


30 


s 




25 1 


2763 


1 57 1 


3949 


3 17 


1-3063 


25 


s 




26 1 


2768 


2 1 


2966 


2 15 


1-3064 


20 


4 




27 1 


2773 


2 3 1 


2961 


3 13 


1-3064 


15 


3 




28 1 


2779 


2 6 1 


2966 


2 11 


1-3065 


10 


2 




29 1 


2785 


2 9 1 


2972 


2 8 


1-3065 


5 


1 




30 I 


2790 


2 11 1 


2977 


2 6 


1-3065 










1 


og. d 


A- 1 


-og-i 


A- 


Log. a 


k- 


\ 


i 


/ 


V- 


Xl- 


IV 


X.' 


w ™- 


Vi" 


\ 



\ 
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Showing the AnDiul Precearion of die Eqainoxcs in Lon- 
ntnde: «nd the Constants for computing the annual 
precession in Right Ascension and Decliuaiion. 





Yew 


PrccMMOo i 


D Longitude 


Prec. in 


Prec. in 








« 


Aond D 




General 


LunU«olar 


conit.-M 


C<Hl.t.-« 


1800 


50>2350 


50'>6351 


4(i;04367 


2lJ!05690 


91 


1806 


60^178 


50.36232 


46.04521 


20,05641 


9* 


1810 


50,32534 


50,36110 


46,04676 


20,06693 


«f 


1815 


50,22716 


£0,35988 


46,04830 


20,05544 


W 


1820 


60,22830 


50,35866 


46,04994 


20,05496 


*r 


ISSS 


£0,22061 


£0,357« 


46,06138 


20,05447 


5* 


1830 


00,23083 


£0,36683 


46,05893 


20.05399 


*r 


183S 


M,23806 


£0,35602 


46,05447 


20.05350 


u 


1840 


50,23328 


50,35380 


46,05601 


20,05302 


t* 


1845 


50,23450 


50.35258 


46,05766 


20.05853 


f.$P\tX 


1950 


50,23572 


50,35136 


48,05910 


20.05305 


tl 


1655 


60,23694 


50,36014 


46,06065 


20,05156 


t* 


1660 


£0,23816 


£0,34892 


46,06219 


20,05108 


m 


1865 


60,23938 


50,34771 


46,06374 


20,05059 


'7 


1870 


50,24060 


50.34649 


46,06528 


20,05011 


Ic 


1B75 


50,24182 


50.34537 


46,06682 


20,04962 


tr 


18B0 


50,24305 


50.34405 


46,06836 


30,04914 


'4 


1885 


50,24427 


50.34283 


46,06991 


20,04865 


/» 


18!)0 


50,34549 


50,34163 


46,07115 


20,04817 


/( 


1895 


50,34671 


50,34040 


46,07399 


30,04768 


.^•«« 


laoo 


50,34793 


60,33918 


40,07454 


20^4720 




Annual Prec. 




-B.Mnm.tanD 




A 


nnual Prec. 


nD.n.c 


DB.R 





/^*- '/'• 



178 TABLE XXVI. -/*/*- i'9 . 

Logarithms for (be equations of the first, second, and third 







differences of the Moon's place. 






Hour from 
Noon or 
Midnight 


Logarithms of the factors of the 


Hour from 
Noon or 

Midnight 




p-irat differences 


2nd diff. 


3rd dili: 




o" 10 


8' 1437 


+ 
9-9939 


7-8356 


+ 7-0452 - 


11 50 




SO 


8-4437 


9-9878 


8-1304 


7-3275 


40 




30 


fl-6198 


9-9815 


8-3003 


7-4843 


30 




40 


8-7447 


9-9752 


8-4189 


7-5896 


80 




60 


8-84 IG 


9-9687 


8-5094 


7-6663 


10 




1 


8-9208 


9-9622 


8-5820 


7-7247 


11 




10 


8-9878 


9-9559 


8-6423 


7-7703 


50 




SO 


9-0458 


9-9488 


8-6936 


7-8063 


40 




30 


9-0im9 


9-9420 


8-7379 


7-8348 


30 




40 


9-1427 


9-9351 


8-7767 


7-8572 


20 




50 


9-1841 


9-9280 


8-81 10 


7-8745 


10 




3 


8-2218 


9-9208 


8-8416 


7-8874 


10 




10 


9-2568 


9-9135 


8-8691 


7-8964 


50 




90 


9-2888 


9-9061 


8-8939 


7-9018 


40 




30 


9-3188 


9-8085 


8-9163 


7-9040 


30 




40 


9-34G8 


9-8909 


8-9366 


7-9033 


20 




50 


9-3731 


9-8830 


8 9551 


7-8994 


10 




3 


9-3979 


9-8761 


8-9720 


7-8998 


9 




]0 


9-4214 


9-8669 


8-9873 


7-8833 


50 




20 


9-4437 


9-8587 


90013 


7-8710 


40 




30 


9-4649 


9-8502 


90141 


7-8557 


30 




40 


9-4831 


9-8410 


9-0257 


7-8374 


30 




50 


9-6044 


9-8329 


9-0362 


7-8157 


10 




4 


9-5239 


9-8239 


9-0458 


7-7905 


8 




10 


9-5406 


9-8148 


90543 


7-7ei3 


50 




20 


9-5577 


9-8054 


9-0630 


7-7276 


40 




30 


9^6740 


9-7959 


9-06B9 


7-6887 


30 




40 


9-5898 


9-7861 


9-0749 


7-6436 


20 




50 


9-6051 


9-7761 


9-0802 


7-5908 


10 




5 


9>6198 


9-7659 


9-0847 


7-5284 


7 




10 


9-6340 


9-7555 


9-0884 


7-4^0 


50 




30 


9-6478 


9-7447 


90915 


7-3591 


40 




30 


9-661 S 


9-7337 


9-0939 


7-2366 


3fy 




40 


9-6741 


9-78S6 


9-0956 


7-0621 


\ ^ 




m 


9-6867 


9-7109 


9-0966 


\ &i¥a\ 


\ ^"^ 


/" » / 


9-6990 

+ 


0'60»0 


9-oa6d 


\. » 


-\^: 



TABLE XXV. 

GSiowing the Augmentation of the Mocm'i 

on account of ber apparent altitude. 







11 


ri.<,nt«l So..>-»li«n.o 


cr 




ter 


^isA^ 


xi (i* 


1^3(1' 


id 6' 


lrf3rf' 


1^ (/' 


v> 


(i;oo 


(iloo 


.j;oo 


(i;oo 


o'loo 


(iloo 




OJl 


0,75 


0,80 


0,86 


0,92 


0,97 




1,41 


1^0 


1,60 


1.71 


1,83 


1.94 




2.11 


2,86 


2,40 


8,66 


2.73 


£.90 


IS 


8.81 


3,00 


3,20 


3,41 


3,63 


3,86 


lA 


450 


3,74 


3,99 


4JS& 


.4.62 


4,80 


IS 


4,17 


4,46 


4,76 


5,07 


6,39 


6,73 


n 


434 


6,18 


5,52 


5,89 


6,26 


6.65 


H 


5,40 


6,88 


6,27 


6.68 


7.11 


7.54 


«7 


fl.13 


6,56 


7.00 


7,46 


7.93 


8,42 


» 


6,75 


7.23 


7,71 


8,28 


8,74 


9,28 


33 


7;w 


7,88 


8,40 


8.96 


9,62 


10.12 


36 


74>3 


8,50 


9.07 


9,67 


10,28 


10,92 


80 


8.49 


9,10 


9,72 


10,36 


11,02 


11,66 


«a 


9.03 


8,68 


10,34 


11,02 


11,72 


12.44 


m 


9.65 


10^ 


10,93 


11.65 


12,39 


13,15 


48 


10.05 


10.76 


11,49 


12.25 


13,03 


13,83 


fil 


10,52 


11,26 


12.02 


12,81 


13,63 


14,46 


54 


10,05 


11.73 


12,63 


13.34 


14,19 


15.06 


57 


11,35 


18,15 


12,98 ^ 


13,83 


14,72 


15,63 


80 


11.72 


12,56 


13,40 " 


14,29 


16.20 


16,13 


63 


18.06 


12,91 


13.79 


14,70 


15,64 


16,60 


66 


12,37 


13,24 


14,14 


15,08 


16,04 


17.03 


60 


13.64 


13,53 


14,46 


15,41 


10,30 


17.40 


72 


13,88 


13,79 


14,73 


15.70 


16,70 


17,73 


75 


13,08 


14.01 


!4,!)6 


15,95 


16,96 


18,01 


78 


13,24 


14,13 


15,15 


1G,15 


17,18 


18,24 


81 


13.37 


14,33 


15,30 


16,31 


17.35 


18,42 


84 


13,46 


14,42 


15,41 


16,42 


17,47 


18,55 


87 


13,53 


14,48 


15,47 


16,49 


17,64 


18,62 


SO 


13,54 


14,50 


16,49 


16,51 


17,57 


18,65 
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TABLE XXIV. 



Showing the Angle of the Vertical, and the Logarithm of 
the earth's Radius, at different Latitudes : the Compres- 
sion of the earth being assumed equal to y^^. 



Lat. 


Angle 

of the 

Vertical 


Lorarithm 

of Earth's 

Radius 


0^ 


O' 11.0 


00000000 


5 


1 59^ 


9*9999890 


10 


3 54,8 


9*9999566 


15 


5 43,4 


9*9999037 


20 


7 21,6 


9*9998318 


25 


8 46»5 


9*9997431 


30 


9 55,4 


9*9996402 


35 


10 46,4 


9-9995261 


40 


11 17,9 


9*9994044 


45 


11 28,7 


9*9992786 


50 


11 18,6 


9*9991525 


55 


10 47,9 


9*9990302 


60 


9 57,4 


9*9989151 


65 


8 48.7 


9*9988111 


70 


7 23,8 


9*9987210 


75 


5 45,4 


9*9986479 


80 


3 56,3 


9*9985940 


85 


2 0,0 


9*9985610 


90 


0,0 


9*9985499 



Greenwich | li li'fi | 9*9991159 | 



TABLE XXIIL lfi9 

Sdenographic positions of the principal Lunar Sfpots. 



No. 



1 

2 
3 
4 
5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

]9 

20 

21 

22 

23 

24 

25 

2Q 

27 
28 
29 
30 
31 
32 
33 
34 



Riccioli's Names 



Zoroaster 

Mercurius 

Petavius 

Langrenus 

Endymion 

Cleomedes 

Atlas 

Hercules 

CcNsoaiNus 

Fracastorius 

Possidonius 

Theophilus 

CyriUus 

St Catharina 

Menelaus 

Aristoteles 

Ptolomasus 

Arasachel 

Archimedes 

Tycho 

Plato 

Fitatus 

Eratosthenes 

Clavius 

Copernicus 

Bullialdus 

Blancanus 

Heraclides 

Keplerus 

Gassendus 

Aristarchus 

Hevelius 

Schickardus 

Grimaldus 



Long;". 



Wcst7«^ 
67 
64 
62 
60 
55 
48 
42 
32 
32 
32 

27 

25 

24 

15 

West 15 

East 2 

3 

5 

10 

10 

12 

12 

]6 

19 

21 

25 

38 

38 

39 

48 

67 

68 

East 68 



Lat*. 



4- W» 
+ 40 

- 24 

- 8 
+ 53 
+ 26 
+ 47 
+ 48 



- 22 
+ 31 

- 12 

- 18 

- 18 
+ 16 
+ 50 

- 10 

- 20 
+ 28 

- 43 
-f 52 

- 29 
+ H 

- 60 
+ 9 

- 21 

- 65 
+ 41 

+ 7 

- 19 
+ 24 

- 1 

- 49 

- 6 



I 

I 

.a 



I 

■a 



v 



TABLE XXXI. 
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3r the Solar Nutation of a star in Right Ascension and 

Declination. 



Degrees 


In Right Ascension 


In Dec. 




1st part 
Argument 

= 20 


2nd part 
Argument 

= 20 — ^ 


Argument 
= 20 — iH 


Degrees 


o 




- o',00 H- 


-(/:47- 


- 0,00 H- 


360° 


^ 


0,18 


0,46 


0,08 


350 


20 


0,35 


0,44 


0,16 


340 


30 


0,51 


0,41 


0,24 


330 


40 


0,66 


. 0,36 


0,30 


320 


50 


0,79 


0,30 


0,36 


310 


60 


0,89 


0,24 


0,41 


300 


70 


0,96 


0,16 


0,44 


290 


80 


1,01 


- 0,08 - 


0,46 


280 


90 


1,03 


0,00 


0,47 


270 


100 


1,01 


+ 0,08 + 


0,46 


260 


110 


0,96 


0,16 


0,44 


250 


120 


0,89 


0,24 


0,41 


240 


130 


0,79 


0,30 


0,36 


230 


140 


0,66 


0,36 


0,30 


220 


150 


0,51 


0,41 


0,24 


210 


160 


0,35 


0,44 


0,16 


200 


170 


0,18 


0,46 


0,08 


190 


. 180 


- 0,00 H- 


+ 0,47 + 


- 0,00 H- 


180 



i second part of the solar nutation in JR nnist be multiplied by the 

tangent of Declination. 



2 A 
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TABLE XXXIL 



Circular Arcs. 



Degrees 


o 

1 


0-0174533 


3f 


0-5410521 


o 
61 


1*0646508 


o 
95 


1*6580628 


2 


0*0349066 


3*2 


0-5585054 


62 


1*0821041 


100 


1-7453293 


3 


0*0523599 


33 


0*5759587 


63 


10995574 


106 


1*8326957 


4 


0*0698132 


34 


0*59341 19 


64 


1*1170107 


110 


1*9198622 


5 


0*0872665 


35 


0-6108652 


65 


11344640 


115 


2*0071286 


6 


01047198 


36 


0-6283185 


66 


M519173 


120 


2*0943951 


7 


0*1221730 


37 


0-6457718 


67 


1*1693706 


130 


2-2689280 


8 


0*1396263 


38 


0-6632251 


68 


1*1868239 


140 


2*4434610 


9 


0*1570796 


39 


0*6806784 


69 


1*2042772 


150 


2*6179939 


10 


01745329 


40 


0*6981317 


70 


1*2217305 


IGO 


2*7925268 


11 


0*1919862 


41 


0*7155850 


71 


1*2391838 


170 


2-9670597 


12 


0*2094395 


42 


0*7330383 


72 


1*2566371 


180 


3*1415927 


13 


0*2268928 


43 


0*7504916 


73 


1*2740904 


190 


3*3161256 


14 


0-2443461 


44 


0*7679449 


74 


1*2915436 


200 


3*4906585 


15 


0*2617994 


45 


0*7853982 


75 


1*3089969 


210 


3*6651914 


16 


0*2792527 


46 


0*8028515 


76 


1*3264502 


220 


3*8397243 


17 


0*2967060 


47 


0-8203047 


77 


1*3439035 


230 


4*0142573 


18 


3141593 


48 


0-8377580 


78 


1*3613568 


240 


4*1887902 


19 


0-3316126 


49 


0-8552113 


79 


1-3788101 


250 


4*3633231 


20 


0-3490659 


50 


0-8726G46 


80 


1*3962634 


260 


4-5378561 


21 


0-3665191 


51 


0-8901179 


81 


1*4137167 


270 


4*7123890 


22 


0*3839724 


52 


0-9075712 


82 


1*4311700 


280 


4*8869219 


23 


0*4014257 


53 


0-9250245 


83 


1*4486233 


290 


5-0614548 


24 


0-4188790 


54 


0-0424778 


84 


1*4660766 


300 


5-2359878 


25 


0-4363323 


55 


0-9599311 


85 


1-4835299 


310 


5*4105207 


26 


0*4537856 


56 


0-9773844 


86 


1-5009832 


320 


5*5850536 


27 


0*4712389 


57 


0*9948377 


87 


1*5184364 


330 


5*7595865 


28 


0*4886922 


58 


1*0122910 


88 


1-5358897 


340 


5*9341195 


29 


0-5061455 


59 


1*0297443 


89 


1-5533430 


350 


6-1086524 


30 


0-5235988 


60 


1*0471976 


90 


1*5707963 


360 


6-2831853 



Table XXXII. continued. 
Circular Arcs. 



Minutes 


Seconds | 


T 


0-00029O9 


3i 


0^0090175 


f 


0-0000048 


3i' 


0^0001 503 


2 


■0005818 


32 


■0093084 


2 


■0000097 


32 


■11001551 


3 


■0008727 


33 


■0095993 


3 


-0000145 


33 


-0001600 


4 


■0011636 


34 


■009S902 


4 


-0000194 


34 


-0001648 


b 


■0014544 


35 


■0101811 


5 


■0000242 


35 


-0001697 


6 


■0017453 


36 


■0104720 


6 


■0000291 


36 


■0001745 


7 


■00S0363 


37 


■0107629 


7 


•0000339 


37 


-0001794 


8 


■0023271 


38 


■0110538 


8 


■0000388 


38 


■0001842 


9 


■0026180 


39 


■0113446 


9 


•0000436 


39 


■0001891 


10 


■0029089 


40 


■0116355 


10 


-0000485 


40 


■0001939 


11 


■0031998 


41 


■Oil 0264 


11 


■0000533 


41 


-0001988 


12 


-0034907 


42 


-0122173 


12 


■0000582 


42 


-0002036 


13 


■0037815 


43 


■0125082 


13 


■0000630 


43 


■0002085 


14 


■0040724 


44 


■0127991 


14 


■0000679 


44 


■0002133 


15 


■0043633 


45 


■PI 30900 


15 


■0000737 


45 


■0002182 


16 


■0046542 


4(i 


■0133809 


16 


■0000770 


46 


■0002230 


17 


■0049451 


47 


■0136717 


17 


■0000824 


47 


■0002279 


18 


■00523ti0 


48 


■0139626 


18 


-0000873 


48 


■0002327 


19 


■0055269 


49 


■0142535 


19 


■0000921 


49 


■0002376 


20 


■0058178 


50 


■11145444 


20 


■0000970 


50 


■0002424 


21 


■0061087 


51 


■0148353 


21 


■0001018 


51 


■0002473 


22 


•0063995 


52 


■0151262 


22 


■0001067 


52 


■0002521 


23 


■0066904 


53 


■0154171 


33 


•0001115 


53 


-0002570 


24 


■0069813 


54 


■0157080 


24 


■0001164 


54 


-0002618 


25 


■0072722 


55 


0159')89 


2.-. 


0001212 


55 


■0002666 


26 


■0075631 


56 


0162897 


26 


0001261 


56 


■0002715 


27 


■O078540 


57 


016j8O6 


27 


0001309 


57 


■O0O2763 


28 


■0081449 


58 


016S715 


28 


0001357 


58 


■0002812 


29 


■0084358 


59 


•0171624 


29 


0001406 


59 


■0002860 


30 


0^0087:^6C 


60 


0-0174533 


30 


0^0001454 


60 


0-0002909 
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TABLE XXXIII. 



Semidiurnal Arcs. 



Lat. 


Declination 


< 

1 


> 


o 

5 


iS 


o 
15 


20^ 


o 
25 




30 


o 
5 


h 

6 


m 



b m 
6 2 


h m 
6 4 


h m 
6 5 


h m 

6 7 


h m 

6 9 


h n 

6 12 


10 


6 


1 


6 4 


6 7 


6 11 


6 15 


6 19 


6 24 


15 


6 


1 


6 5 


6 11 


6 16 


6 22 


6 29 


636 


20 


6 


1 


6 7 


6 15 


6 22 


6 30 


6 39 


6 49 


25 


6 


2 


6 9 


6 19 


6 29 


6 39 


6 50 


7 2 


30 


6 


2 


6 \2 


6 23 


6 36 


6 49 


7 2 


7 18 


35 


6 


3 


6 14 


6 28 


6 43 


6 59 


7 16 


7 35 


40 


6 


3 


6 17 


6 34 


6 52 


7 11 


7 32 


7 56 


45 


6 


4 


6 20 


G 41 


7 2 


7 25 


7 51 


8 21 


50 


6 


5 


6 24 


6 49 


7 14 


7 43 


8 15 


8 54 


55 


6 


6 


6 29 


6 58 


7 30 


8 5 


8 47 i 


9 42 


60 


6 


7 


6 35 


7 11 


7 51 


8 36 


9 35 


12 


65 


6 


9 


6 43 


7 29 


8 20 


9 25 


12 





TABLE XXXIV- 
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Showing the length of a degree of Longitude and Latitude 
on the Earth's surface (compression = 7^^); together 

« with the length of the Pendulum beating seconds there 
(compression = -^^j) : the measures at the equator being 
considered as unity. Also the increase in the number 
of vibrations, of an invariable pendulum beating seconds 
at the equator, on proceeding towards the pole. 



Lat«. 


Degree of 
Longitude 


Degree of 
Latitude 


Length of the 
Pendulum 


Increase of 
Vibrations 


8 


100000 


1*000000 


1*00000 


6:00 


5 


0*99622 


1*000076 


100004 


1,77 


10 


•98490 


1*000301 


100016 


7,02 


15 


•96614 


1*000669 


100036 


15,60 


20 


•94006 


1*001168 


100063 


27,24 


25 


•90685 


1-001783 


100096 


41,59 


30 


•86675 


1*002496 


100135 


58,21 


35 


•82005 


1*003284 


100177 


76,60 


40 


•76710 


1*004125 


100223 


96,21 


45 


•70828 


1004992 


100269 


116,42 


50 


•64404 


1005858 


100316 


136,64 


55 


•57485 


1006699 


1*00362 


156,25 


60 


•50126 


1*007487 


100404 


174,63 


65 


•42377 


1008200 


100443 


191,26 


70 


•34302 


r008815 


1*00476 


205,61 


75 


•25960 


1*009315 


1*00503 


217,25 


80 


•17421 


1009682 


100523 


225,82 


85 


•08764 


1009907 


1*00535 


231,08 


90 


0*00000 


1*009983 


1*00539 


232,85 



If the equatorial diameter of the earth be assumed equal 
to 7924 miles, a degree of longitude at the equator will be 
equal to 69*15 miles = 365110 feet: and consequently 
1 second in time at the equator will be equal to 1521 feet* 



Page$ 181 and 182 to he cancelled, and tbi* leal \tii«tt«^VMXt»^- 
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TABLE XXXV. 



Showing the expansion of various substances for l^ Fahren. 



• • • 



White deal 
Glass, borotn. tubes . . 
— , English flint . . 
— , with lead . . . 
— , without lead . . 
Platina 



Iron, cast 



bar 



Steel 



rod 
blistered 



• • • 



— hard , . 
' tempered 
Gold . . . 
Copper . . . 
Brass . . . 



-, scale 
-, cast 
-, bar 
•, rod 



— — , wire 

Silver 

Pewter 

Tin, grain 

Lead 

Zinc 

-~, hammered . . . 
Mercury {Apparent) 

(Absolute) . . 

Air, dry 



— moist 



000002^685 
43119 
45099 
48444 
50973 
47583 
49121 
61632 
63333 
65668 
69844 

69907 
59305 
63596 
63900 
66100 
68056 
68866 
86197 
94444 
95456 
98888 
99590 

•0000103077 
104166 
104850 
105155 
106666 

107407 

106038 

126852 

137963 

159259 

163426 

172685 

•0000857339 

•0001001001 

•0020833333 

'0022222222 



Kater 

Roy 

Lavoisier 

do. 

do. 
Rorda 

Dulong and Petit 
Roy 
Borda 

Dulong and Petit 
Hasslar 
Smeaton 
Lavoisier 
Roy 

Smeaton 
Troughton 
Smeaton 
Lavobier 

do. 
Smeaton 

Dulong and Petit 
Borda 
Kater 
Roy 

Smeaton 
Hasslar 
Roy 

Troughton 
Smeaton 
Lavoisier 
Smeaton 

do. 

do. 

do. 

do. 



J 



cubical 
expan. 






TABLE XXXVI. 

For determining Altitudes with the Barometer. 



Thermometers 
ill open air 


Themiometers 
to the Barom- 


Latitude 
of the place 


l+f 


A 


l + i' 


A 


.-.' 


B 


P 


C 


4S 


4-76891 


102 


4-79860 





0-00000 





000117 


43 


476989 


104 


4-79953 


1 


000004 


5 


0-00115 


44 


4-77089 


106 


4.80045 


2 


000009 


10 


000110 


46 


4-77187 


108 


4-80137 


3 


0-00013 


15 


o-ooioo 


48 


4-7728« 


no 


4-8023!i 


4 


0-00017 


20 


0-00090 


50 


4-77383 


113 


4-80331 


5 


000022 


25 


0-00075 


52 


4-77482 


114 


4-80412 


6 


000026 


30 


0-00058 


54 


477o79 


116 


4-80504 


7 


000030 


35 


0-00040 


56 


4-77677 


118 


4-80595 


8 


0-00035 


40 


000020 


58 


4-77774 


120 


4-S0687 





0-00030 


45 


o-ooooo 


60 


4-77871 


122 


4-80777 


10 


0-00043 


50 


9-99980 


63 


4-77968 


124 


4-80869 


11 


000048 


55 


9-99900 


61 


4-78065 


136 


4-80958 


12 


0-00052 


60 


9-99942 


66 


4-78I6I 


128 


4-81048 


13 


0-00056 


65 


9-99955 


68 


4-78257 


130 


4-61138 


14 


0-00061 


70 


9-99910 


70 


4-78353 


132 


4-81228 


15 


000065 


75 


9-99900 


72 


4-78449 


134 


4-81317 


10 


000069 


80 


9-99890 


74 


4-78544 


136 


4-81407 


17 


0-00074 


85 


9-99885 


7(5 


478640 


138 


4-81496 


18 


0-00078 


90 


9-99883 


78 
80 


4-78735 
4-78830 


140 
142 


4-81585 
4-81675 


19 
20 


0-00083 
000087 










82 


4-78925 


144 


4-81703 


21 


000091 






84 
86 


4-79019 
4-79113 


146 
148 


4-81851 
4-81940 


22 
23 


0-0009(i 
0-00100 


Make 
los/3- 


D equal to 
(log^' + B): 


88 
90 


4-79207 
4-79301 


150 

153 


4-82027 
4-82116 


24 
25 


000104 
0-00109 


thcn w 
rithm 


11 the loga- 
fthedifFer- 


92 
94 


4-79395 

4-79488 


154 

156 


4-82204 
4-82291 


26 

27 


0-00113 
0-00117 


iaEn 
ei|iial 


lish feet be 


96 


4-7958^ 


158 


4-82379 


28 


0-00123 


A4- 


C + logD 


98 


4-7!)675 


160 


4-83466 


29 


0-00126 






100 


4-79768 


163 


4-83553 


30 


0-00130 







184 TABLE XXX VIL 

For converting time into decimal parts of a day. 



Hours 


Minutes 


Seconds 


h 

1 


•04167 


1 
1 


•00069 


i 
31 


•02153 


i' 


•00001 


si 


•00036 


2 


•08333 


2 


•00139 


32 


•02222 


2 


•00002 


32 


•00037 


3 


•12500 


3 


•00208 


33 


•02292 


3 


•00003 


33 


•00038 


4 


•16667 


4 


•00278 


34 


•02361 


4 


•00005 


34 


•00039 


5 


•20833 


• 

5 


•00347 


35 


•02430 


5 


•00006 a5 


•OOO40 


« 


•25000 


6 


•00417 


36 


•02500 


6 


•00007 36 


•00042 


7 


•21)167 


7 


•00486 


37 


•02569 


7 


•00008 


37 


•00043 


8 


•33333 


8 


•00556 


38 


•02639 


8 


•00009 


38 


•00044 


9 


•37500 


9 


•00625 


39 


•02708 


i 9 


•00010 


39 00045 


10 


•41667 


10 


•00694 


40 


•02778 


10 


•0001^ 


40 


•00046 


IJ 


•45833 


11 


•00764 


41 


•02847 


11 


•00013 1 41 


•00047 


1^ 


•50000 


12 


•00833 


42 


•02917 


12 


-00014 


42 


•00049 


1? 


•54167 


13 


•00903 


43 


•02986 


13 


•00015 


43 


•00050 


14 


•58333 


14 


•00972 


44 


•03056 


14 


•00016 


44 


•00051 


1^ 


•62500 


15 


•01042 


45 


•03125 


15 


•00017 


45 


•00052 


16 


•66667 


16 


•01111 


46 


•03194 


16 


•00018 


46 


•00053 


1^ 


•70833 


17 


•01180 


47 


•03264 


17 


•00020 


47 


•00054 


16 


•75000 


18 


•01250 


48 


•03333 


18 


•00021 


48 


•00056 


10 


•79167 


19 


•01319 


49 


•03403 


19 


•00022 


49 


•00057 


20 


•83333 


20 


•01389 


50 


•03472 


20 


•00023 


50 


•00058 


21 


•87500 


21 


•01458 


51 


•03542 


21 


•00024 


51 


•00059 


22 


•91 667 


22 


•01528 


52 


•0361 1 


22 


•00025 


52 


•00060 


23 


•95833 


23 


•01597 


53 


•03680 


23 


•00027 


53 


•00061 


24 


100000 


24 


•01667 


54 


•03750 


24 


•00028 


54 


•0006^ 






25 


•01736 


55 


•03819 


25 


•00029 


55 


•00064 






26 


•01805 


56 


•03889 


26 


•00030 


50 


•00065 






27 


•01875 


57 


•03958 


27 


•00031 


57 


•00066 






28 


•01944 


58 


•04028 


2S 


•00032 


58 


•00067 




• 


29 


•02014 


59 


•04097 


29 


•00034 


59 


•00068 






30 


•02083 


60 


•04167 


30 


•00035 


60 00069 



TABLE XXXVm. 185 

For conrerting Minutes and Seconds of a, degree^ into the 
decimal division of the same. 



Minutes 


Seconds | 


y 


-01G87 


31 


■51667 


i' 


■00028 


3f' 


■00861 




■03333 


32 


■53333 


2 


■00056 


33 


■00889 


3 


■05000 


33 


■55000 


3 


■O00S3 


33 


■00917 


4 


■066G7 


34 


■56667 


4 


■001 1 1 


34 


00944 


5 


■08333 


35 


■58333 


5 


■00139 


35 


00972 


G 


■10000 


36 


■60000 


6 


■00167 


36 


■01000 




■11667 


37 


■61667 


7 


'00194 


37 


■01028 


% 


■13333 


38 


■63333 


& 


■00222 


38 


■01056 


9 


■15000 


39 


■65000 


9 


■00250 


39 


■01083 


10 


■16667 


40 


■666G7 


10 


■00278 


40 


■01111 


ii 


■18333 


41 


■68333 


11 


■00306 


41 


■01139 


12 


■20000 


42 


-70000 


12 


■00333 


43 


■01 167 


13 


■21667 


43 


■71667 


13 


■00361 


43 


■01194 


14 


■23333 


44 


■73333 


14 


■00389 


44 


■01222 


15 


■25000 


45 


■75000 


15 


■00417 


45 


■01250 


16 


■26667 


46 


■76G67 


16 


■00444 


46 


■01278 


17 


■28333 


47 


■78333 


17 


■00472 


47 


■01306 


18 


■30000 


48 


■30000 


18 


■00500 


48 


■01333 


19 


■31667 


49 


■81667 


19 


■00528 


49 


01361 


20 


■33333 


50 


■S3333 


20 


■00S56 


50 


01389 


21 


'35000 


51 


■85000 


21 


■00583 


51 


■01417 


23 


■36667 


52 


■86667 


22 


■00611 


m 


01444 


23 


■38333 


53 


■88333 


23 


■00639 


53 


■01472 


34 


■40000 


54 


■90000 


24 


■00667 


54 


■01500 


25 


■41667 


55 


■91667 


25 


■00694 


55 


■01528 


26 


■43333 


5tJ 


'93333 


2G 


■00723 


56 


■01550 


27 


■45000 


57 


■95000 


27 


■00750 


57 


'01583 


3S 


■46667 


58 


■96667 


28 


■00778 


58 


■01611 


29 


■4t!333 


59 


■98333 


29 


■00806 


59 


■01639 


30 


■50000 


60 


.00000 


30 


■00813 


60 


■01667 



1B6 TABLE XXXIX. 

For convertiiig any given day into the decimal part oft 

year of S6S days. * 



Day 

1 


Jan. Feb. 


March 


April 


May 


June 


•000 


085 


•162 


•247 


•as9 


•414 


2 


•003 


088 


•164 


•249 


•331 


•416 


3 


•006 


090 


•167 


•252 


-334 


•419 


4 


•008 


093 


•170 


•255 


•337 


•422 


6 


•Oil 


096 


•173 


•258 


•340 


•425 


6 


•014 


099 


•176 


•260 


•342 


•427 


7 


•016 


101 


•178 


•263 


•345 


•430 


8 


•019 


•104 


•181 


•266 


•348 


•433 


9 


•022 


•107 


•184 


•268 


•361 


•436 


10 


•025 


•110 


•186 


•271 


•353 


•438 


11 


•027 


•112 


•189 


•274 


•356 


•441 


12 


•030 


•115 


•192 


•277 


•359 


•444 


13 


•033 


•118 


•195 


•279 


•362 


•446 


14 


•036 


•121 


•197 


•282 


•364 


•449 


15 


•038 


•123 


•200 


•285 


•367 


•452 


16 


•041 


•126 


•203 


•288 


•370 


•455 


17 


•044 


•129 


•205 


•290 


•373 


•458 


18 


•046 


•132 


•208 


•293 


•375 


•460 


19 


•049 


•134 


•211 


•296 


•378 


•463 


20 


•052 


•137 


•214 


•299 


•381 


•466 


21 


•055 


•140 


•216 


•301 


•384 


•468 


22 


•058 


•142 


•219 


•304 


•386 


•471 


23 


•060 


•145 


•222 


•307 


•389 


•474 


2i 


•063 


•148 


•225 


•310 


•392 


•477 


2b 


•066 


•151 


•227 


•312 


•395 


•479 


26 


•068 


•153 


•230 


•315 


•397 


•482 


27 


•071 


•156 


•233 


•318 


•400 


•485 


28 


•074 


159 


•236 


•321 


•403 


•488 


29 


•077 




•238 


•323 


•405 


•490 


30 


•079 




•241 


•326 


•408 


•493 


31 


•082 




•244 




•411 





Table XXXIX. continued. 187 

For converting any given day into the decimal part of a 

year of 365 days. 



Day 
1 


July 


August 


Sept. 


Oct. 


Nov. 


Dec. 


•496 


•581 


•666 


•748 


•833 


•916 


2 


•499 


•584 


•668 


•761 


•836 


•918 


3 


•501 


•586 


•671 


•763 


•838 


•921 


4 


•504 


•589 


•674 


•766 


•841 


•923 


5 


•507 


•592 


•677 


•759 


•844 


•926 


6 


•610 


•596 


•679 


•762 


•846 


•929 


7 


•512. 


•597 


•682 


•764 


•849 


•931 


8 


•515 


•600 


•686 


•767 


•862 


•934 


9 


•518 


•603 


•688 


•770 


•856 


•937 


10 


•621 


•606 


•690 


•773 


•858 


•940 


11 


•623 


•608 


•693 


•775 


•860 


•942 


12 


•626 


•611 


•696 


•778 


•863 


•946 


13 


•529 


•614 


•699 


•781 


•866 


•948 


14 


•532 


•616 


•701 


•784 


•868 


•961 


15 


•534 


•619 


•704 


•786 


•871 


•953 


16 


•537 


•622 


•707 


•789 


•874 


•966 


17 


•540 


•626 


•710 


•792 


•877 


•959 


18 


•542 


•627 


•712 


•796 


•879 


•962 


19 


•545 


•630 


•716 


•797 


•882 


•964 


20 


•548 


•633 


•718 


•800 


•885 


•967 


21 


•551 


•636 


•721 


•803 


•888 


•970 


22 


•553 


•638 


•723 


•806 


•890 


•973 


23 


.656 


•641 


•726 


•808 


•893 


•976 


24 


•669 


•644 


•729 


•811 


•896 


•978 


26 


•662 


•647 


•731 


•814 


•899 


•981 


26 


•564 


•649 


•734 


•816 


•901 


•984 


27 


•567 


•662 


•737 


•819 


•904 


•986 


2S 


•570 


•656 


•740 


•822 


•907 


•^9 


29 


•573 


•658 


•742 


•826 


•910 


•992 


30 


•576 


•660 


•746 


•827 


•912 


•9.96 


31 


•678 


•663 




•830 




•997 



2 B 2 
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TAI5L.J 


t£ XL- 




M, 


For coDTerting 


the 


centesimal diviakm of the gioub 


into 


the 


sexagesimal division of the same> 








Centesimal degrees. 


Centes. 


8exaget.| 


Contet. 


Seu^^et. 


Centes. 


Srraires. 




o 

1 


o 



54 


o 

34 


V^ 3^ 


a 

67 


60** 1^ 


2 


1 


48 


35 


31 30 


68 


61 12 




3 


2 


42 


36 


32 24 


69 


e2 6 




4 


3 


36 


37 


33 18 


70 


63 




5 


4 


30 


. 38 


34 12 


71 


63 54 




6 


5 


24 


39 


35 6 


72 


64 48 




7 


6 


18 


40 


36 


73 


65 42 




8 


7 


12 


41 


36 54 


74 


m 36 




9 


8 


6 


42 


37 48 


76 1 67 30 1 




10 


9 





43 


38 42 


76 


e% 24 




11 


9 


54 


44 


39 36 


77 


69 18 

70 12 




12 


10 


48 


45 


40 30 


78 




13 


]1 


42 


46 


41 24 


79 


71 6 




14 


12 


36 


47 


42 18 


80 


72 




15 


13 


30 


48 


43 12 


81 


72 54 




16 


14 


24 


49 


44 6 


82 


73 48 




17 


15 


18 


50 


45 


83 


74 42 




18 


16 


12 


51 


45 54 


84 


76 36 




19 


17 


6 


52 


46 48 


85 


76 30 




20 


18 





53 


47 42 


86 


77 24 




2\ 


18 


54 


54 


48 36 


87 


78 18 




22 


19 


48 


55 


49 30 


88 


79 12 




23 


20 


42 


56 


50 24 


89 


80 6 




24 


2\ 


36 


57 


51 18 


90 


81 




25 


22 


30 


58 


52 12 


91 


81 54 




26 


23 


24 


59 


53 6 


92 


82 48 




27 


24 


18 


60 


54 


93 


83 42 




28 


25 


12 


61 


54 54 


94 


84 36 




29 


6 


6 


62 


55 48 


95 


85 30 




30 


27 





63 


fi^ 42 


96 


86 24 




31 


27 


54 


64 


57 36 


97 


87 18 




32 


28 


48 


65 


58 30 


98 


88 12 




33 


29 


42 


66 


59 24 


99 


89 6 




34 


30 


36 


67 


60 18 


100 


90 



Tjsle XL. coBtJimed. 189 

For converting the ceotesimftl dWiBion of the qtiadraTtt 
into the sexagesimal diviBioii of the same. 
Centesimal minutes. 



c«^. 


s«,.g«.|c 


jites. 


Sexagea. 


Centar. 


Seag«. 




01 


o' 


3^4 


34 


is' 


2l'.6 


■67 


36' 


ltf.8 




02 


1 


43 


35 


18 


54,0 


■68 


36 


43.2 




03 


1 


37,2 


36 


19 


26,4 


■69 


37 


16.6 




04 


2 


9.6 


37 


19 


58.8 


■70 


37 


48.0 




05 


2 


42.0 


38 


20 


31,2 


•71 


38 


20,4 




06 


3 


14.4 


39 


21 


3,6 


■72 


38 


62.8 




07 


3 


46.8 


40 


21 


36,0 


■73 


39 


25.2 




'OS 


4 


19.2 


41 


22 


8,4 


■74 


39 


67,6 




09 


4 


51,6 


42 


22 


40,8 


■76 


40 


30,0 




10 


5 


24,0 


43 


23 


13,2 


■76 


41 


2,4 




11 


5 


66,4 


44 


23 


45,6 


■77 


41 


34.8 




12 


6 


28.8 


45 


24 


18,0 


■78 


42 


7.2 




13 


7 


1.2 


46 


24 


60,4 


■79 


42 


39,6 




U 


7 


33.6 


47 


26 


22.8 


■80 


43 


12.0 




15 


8 


6.0 


48 


26 


66.2 


■81 


43 


44,4 




16 


8 


38,4 


49 


26 


27.6 


■82 


44 


16»8 




17 


S 


10.8 


60 


27 


0.0 


■83 


44 


49,2 




18 


9 


43.2 


61 


27 


32.4 


•84 


46 


21,6 




19 


10 


15,6 


52 


28 


4,8 


■85 


45 


54.0 




20 


10 


48,0 


53 - 


28 


37,2 


■86 


46 


26,4 




21 


11 


20.4 


64 


29 


9,6 


■87 


46 


68.8 




32 


11 


62.8 


65 


29 


42,0 


■88 


47 


31.2 




23 


12 


25.2 


56 


30 


14,4 


■89 


48 


3,6 




24 


12 


57.6 


67 


30 


46.8 


■90 


48 


36,0 




25 


13 


30,0 


68 


31 


19,2 


■91 


49 


8,4 




26 


14 


2,4 


59 


31 


61.6 


•93 


49 


40,8 




27 


14 


34.8 


60 


32 


24,0 


■93 


60 


13.2 




28 


15 


7,2 


61 


32 


56.4 


•94 


50 


45,6 




29 


15 


39,6 


62 


33 


88,8 


•96 


61 


18,0 




30 


16 


12.0 


63 


34 


1,2 


•96 


51 


50,4 




31 


16 


44,4 


64 


34 


33,6 


•97 


52 


22,8 




32 


17 


16,8 


65 


35 


6,0 


■98 


62 


65.2 




33 


17 


49,2 


«6 


35 


38,4 


■90 


63 


27,6 


■34 


18 


21.6 


67 


36 


10,8 


1-M 


54 


0,0 



190 Table XL. contiiiued. 

For converting the centesimal diviaion of the qvadrtai 
into the sexagesiiiml division of the same. 
Centesimal seconds. 



CenlM. 


Sesage*. 


C«.ile». 


SciBges. 


Cente'*,, 


Seiagct. 


■0001 


Ci:334 


■0034 


ll"016 


■0067 


2i',7oe 


■0002 


0,648 


■0035 


11,340 


•0068 


22,033 


■0003 


0,072 


■0036 


11,664 


■0060 


-22,356 


■0004 


1,296 


■0037 


11,988 


-0070 


32.680 


■0005 


1,620 


■00:18 


13,312 


-0071 


23,004 


<XH)6 


l,i»44 


■0039 


12.636 


■0072 


23,328 


■0007 


2,368 


■0040 


12,960 


■0073 


23,652 


■0006 


2,582 


■0041 


13,284 


-0074 


23,976 


■0009 


2,91 G 


■0043 


13,608 


■0075 


24.300 


■0010 


3,340 


■O043 


13,932 


■0076 


24^24 


■0011 


3,564 


■0044 


14.356 


■0077 


24,946 


■001 a 


3.8B8 


■0045 


14.580 


■D07S 


25^2 


•0013 


4,212 


■004(1 


14,9114 


■0079 


25,596 


■0014 


4,536 


■0047 


15,338 


•ooso 


25.920 


■0015 


4.800 


■0048 


15,553 


■0081 


26,344 


■001(1 


5,184 


■0049 


15,870 


■0082 


26,568 


■O017 


5,508 


■ooao 


16,300 


■0083 


26,893 


■0018 


6,832 


•0051 


16,;-.34 


■t»084 


27.216 


■ooia 


6.15G 


■01(53 


16,848 


■0085 


27,540 


■0020 


fi.480 


■0063 


17.173 


■0(»8H 


27,864 


■0021 


8,804 


■0054 


17,496 


■0087 


28,188 


■0033 


7.128 


■1X155 


17,830 


■0088 


28,513 


■wm 


7,453 


■O056 


18,144 


■0089 


38,836 


-0024 


7,776 


0057 


18,46M 


■0090 


39,160 


■0025 


8,100 


■OO.'iS 


18,793 


■0001 


39,484 


■0028 


8,4E4 


■OdbU 


19,116 


■0002 


2ft,808 


■0037 


8,74H 


■0060 


19,440 


■0093 


30,133 


■0028 


9,073 


■OOGl 


19,7G4 


•0094 


30,456 


•0039 


9,396 


■00G2 


30,088 


■0095 


3'i,780 


■0030 


9.720 


■0063 


30,413 


■0096 


31,104 


■0031 


10,044 


■0064 


30.736 


■0097 


31,428 


■01)33 


10,368 


■(H)65 


31,060 


-0098 


31,762 


■0033 


10,693 


■0066 


21,384 


■O099 


32,076 


■tmi 


11,016 


■0067 


21,-08 


■0100 


33,400 
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ComparisoB of Fahrenbeif li thermometer, with Reaumur's 
and the Centesimal. 



Fahr. 


Reaum. 


Centes, 


Fahr 


RcauDi. 


Centes. 


Fahr. 


Reaum. 


Centei. 








33° 


+ 0A 


+ 0°6 


7 


+ isto 


+ a'.> 





-„y 


-17.8 


34 


0.9 


1.1 


68 


16.0 


20.0 


1 


13,8 


17,2 


35 


1,3 


1,7 


69 


16,4 


20,6 


3 


13,3 


16,7 


30 


1,8 


3,2 


70 


16.9 


21,1 


3 


13,9 


16,1 


37 


3,2 


3,8 


71 


17,3. 


21,7 


4 


13,4 


15,6 


3!i 


2.7 


3.3 


73 


17,8 


22,2 


5 


13,0 


15,0 


39 


3.1 


3.9 


73 


18,3 


22,8 


6 


li.e 


14,4 


40 


3,6 


4.4 


74 


18.7 


23.3 


7 


11,1 


13,9 


41 


4.0 


5,0 


75 


19.1 


23.9 


8 


10,7 


13.3 


43 


4.4 


5,6 


76 


19.0 


24.4 


9 


10,2 


13,8 


43 


4,9 


6,1 


77 


30.0 


25.0 


10 


9,8 


12^ 


44 


6,3 


6,7 


78 


20.4 


25.6 


11 


9,3 


11.7 


45 


5,8 


7,2 


79 


20.9 


26,1 


13 


8,9 


IJ,1 


46 


6.2 


7,8 


80 


31.3 


26,7 


13 


8,4 


10,6 


47 


6,7 


8,3 


81 


31,8 


27,2 


14 


8,0 


10.0 


48 


7.1 


8,'J 


83 


33,3 


37.8 


15 


7,6 


9.4 


49 


7,6 


9,4 


83 


22,7 


28,3 


16 


7,1 


8.9 


50 


8,0 


10,0 


84 


23,1 


28,9 


17 


6,7 


8.3 


51 


8,4 


10,6 


85 


33,6 


29.4 


IS 


6,3 


7,8 


52 


8.9 


11,1 


86 


24.0 


30,0 


19 


5.8 


7^ 


53 


9,3 


11,7 


87 


34.4 


30,6 


30 


5,3 


6,7 


54 


9,8 


12,3 


88 


34.9 


31,1 


21 


4,9 


6,1 


55 


10,2 


12,8 


89 


S5.3 


31,7 


32 


4,4 


5,6 


56 


10,7 


13.3 


90 


25.8 


32,2 


S3 


4,0 


5,0 


57 


11,1 


13.9 


91 


86,2 


32,8 


34 


3,8 


4,4 


58 


II.O 


14.4 


92 


36,7 


33,3 


35 


3,1 


3,9 


59 


19,0 


15,0 


93 


27.1 


33,9 


36 


3,7 


3.3 


60 


12.4 


15,6 


04 


37,6 


34.4 


37 


2,2 


2,8 


61 


12,9 


16.1 


95 


28,0 


35.0 


28 


1,8 


2,2 


62 


13.3 


16,7 


96 


28,4 


35,6 


39 


1,3 


1,7 


63 


13.8 


17.2 


97 


38.9 


36,1 


30 


0.9 


1.1 


64 


14,3 


17,8 


98 


29,3 


36,7 


31 


-0,4 


-0,6 


65 


li7 


1S,3 


99 


29.8 


37,2 


33 


0,0 


0,0 


66 


+ 1S.1 


+ 18.9 


«_ 


+ 30,2 


+ 37,8 
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Comparisoh of French and Englisli Measures, &c. 



French Metre 1 b • • • • = 39-37079 ^ Eng. Inches of 

Dechnetre l| = 3-93708 IsirG. Shuckr 

Centimetre th = 0-39371 j burgh's scal^ 

Millimetre J ^ = 0.03937 J at 639 Fahr. 

French Toise -] h = 7G739400 ^ 

Foot II = 12789900 i^"g^^^^"^^^ 

Inch (^ = 1-066825 r^**'^^^™^'^ 

- Line J^ = 0-088819J^^'3^*^^- 

French Toise 1 fe = 1-949036]^ ^ ^^ 

I CO 1 French Metre 

Foot Vo- = 0-324839 }► ^,„ « ^ ^ 

Is ^ fat6P,3Fahr. 

Inch J^ = 0-027070 j 

English Foot V^ .......= 0-304794 1 French Metre 

Inch M = 0026399 [at 32° Fahr. 



Centes. Deg. of the Quadrant or l°-0000 

Minute or 0°-0100 

Seconds or 0°0001 



Comparison of different thermometers 
x^ Reaumur = (32° + 9 x°) Fahr. 
x° Centes. = (32^ + | x^) Fahr. 
jr° Fahren. = (^r® — 32°) | Reaum. 



0°64' 0"000' 

32,400 >^ Sexagesimal 
0,324^ 



s a° Centes. 
* x^ Reaum. 



= (a^, — 32°) 4 Centes. 



The length of the pendulum vibrating seconds of mean solar tirae^ in Lon- 
don, in vacuo, and at the level of the sea, is 39*1393 English Inches of 
Sir G. Shuckburgh's scale, at 62° Fahr. 

The velocity of sound, in one second of time at 32® Fahr. in dry air, is 
about 1090 English feet. For any higher temperature, add 1 foot for 
every degree of the thermometer above 32®. 



TABLE XLIIL 



195 



Logarithms of various quantities. 



Radius, reduced to seconds of the arc = 
iCircumference of the circle, diameter = 1 = 
'Length of 1° in parts of do. 
Xength of 1' in parts of do. . 
sin J" . . . .... . . 

jsin^' . . . .... . . 

«in 3" 

Number whose Hyper, log. is cs 1 
Modulus of the common logarithms 

Complement to the same 
1^ hours, expressed in seconds 

Complement to the same 
24 hours, expressed in seconds 

Complement to the same 
360 degrees, expressed in seconds 
Compression of the earth = -^jj 
Sidereal revolution of the Earth, in days 
Trojncal revolution of do 



206264",8 
3-1416926 
•01745329 
•00029089 
•00000485 
00000970 
•00001454 
^•7182818 
•43429448 
2-3026851 
43200 
•00002315 
86400 

-00001157 
1296000 

•003333 

365-25636 

365-24224 



" Sidereal time 



into Mean Solar time 




; : :} 
:} 



at 61°-3 



at 56°^3 



a 
a 

(A 

o 
U 



French Toises into Metres 

' Feet into Metres 

'■ Toises into English Feet 

Feet into. English Feet 

Metre into English Feet ."^ ^t their 

Millimetres into Eng. Inch. J standards 

Centes. Degrees of Quadrant into Sexages. Degrees 

Minutes of do. into ■ Minutes 

Seconds of do. into ■ Seccmds 



Logarithms 
5-3144251 

0-4971499 
8-^41«773 
6-4637262 
4-6855749 
4-9866049 
51626961 
0-434^45 
9-6377843 
0-3622157 
4-6354837 
5-3645163 

4-9365137 
5-0634863 
61126050 

7-5228787 
2-5625978 
2-5625810 



9-9988126 

0*2898200 

9-5116687 
0-8058372 
0-0276860 
0-5159929 
8^5951741 

9^9542425 
1-7323938 
3-5105450 



The arithmetical complements of these last 10 logarithms will serve to 
: convert Mean Sdlar time into Sidereal time. Metres into Toises 
* &;;, English Feet into Toises &c, and the Sexagesimal divisions of 
the Quadrant into the Centesimal divisions. 



2 c 
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TABLE XLIV. 



For the comparison of French and English Barometers. 



Milli- 
metres 


Enfclish 
inchet 


French 
inches & lines 


Milli- 
metres 


English 
inches 


French 
inchei&liiiei 


711 


27-9927 


26 3,183 


741 


29-1738 


27 4,482 


712 


28*0320 


3,627 


742 


•2131 


4,9S6 


713 


•0714 


4,070 


743 


•2525 


5,369 


714 


•1108 


4,513 


744 


•2919 


5,813 


715 


•1501 


4,956 


745 


•3312 


6,^ 


716 


•1895 


5,400 


746 


•3706 


6,099 


717 


•2289 


5,843 


747 


•4100 


7.142 


718 


•2683 


6,286 


748 


'4494 


7,585 


719 


•3076 


6,7:m) 


749 


•4887 


8,029 


720 


•3470 


7,173 


750 


•6281 


8,472 


721 


•3864 


7,616 


751 


•5675 


8,915 


7vx> 


•4257 


8,060 


752 


•6068 


9,359 


723 


•4651 


8,503 


753 


•6462 


9,892 


724 


•5045 


8,946 


754 


•6856 


10,245 


725 


•5438 


9,389 


756 


•7249 


10,688 


726 


•5832 


9,833 


756 


•7643 


11,132 


727 


•6226 


10,276 


757 


•8037 


27 11,575 


728 


•6620 


10,719 


758 


•8431 


28 0,018 


729 


•7013 


11,163 


759 


•8824 


0,462 


730 


•7407 


26 11,606 


760 


•9218 


0,905 


731 


•7800 


27 0,049 


761 


29-9612 


1,348 


732 


•8194 


0,493 


762 


300005 


1,792 


733 


•8588 


0,936 


763 


•0399 


2,235 


734 


•8982 


1,379 


764 


•0793 


2,678 


735 


•9375 


1,823 


765 


•1187 


3,121 


736 


28-9769 


2,266 


766 


•1580 


3,565 


737 


290163 


2,709 


767 


•1974 


4,008 


738 


•0556 


3,152 


768 


•2368 


4,451 


739 


•0950 


3,596 


769 


•2761 


4,895 


740 


291344 


27 4,039 


770 


30-3155 


28 5,338 



Table XLIV. continued. 
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For the comparison of French and English Barometers. 



MUli. 
metres 


English 
inches i 


French 
inches & lines 


Proportional parts 


771 
772 
773 


30-3549 
•3942 
•4336 


28 6,781 
6,224 
6,668 


Milli- 
metres 


English 
inches 


French 
lines 


01 


00039 


0,044 


774 


•4730 


7,111 


02 


00079 


0,089 


775 


•6124 


7,554 


0-3 


0^0118 


0,133 


776 


•6517 


7,998 


0-4 


00157 


0,177 


777 


•5911 


8,441 


0-5 


00197 


0,222 


778 


•6306 


8,884 


0-6 


00236 


0,266 


779 


•6698 


9,328 


0-7 


00276 


0,310 


780 


•7092 


9,771 


0-8 


00315 


0,355 








0-9 


00354 


0,399 


781 


•7486 


10,214 

1 /v />Ero 


1-0 0-0394 


0,443 


782 


•7879 


10,658 




783 


•8273 


11,101 




784 
785 
786 

787 

788 


•8667 

•9060 

•9464 

30-9848 

31^0242 


11,644 

28 11,978 

29 0,431 
0,874 

1,317 


I =39-3707 Eng. inch. 
1 Metre . • J ^443 ^gg p^g jj^^, 

I =0-304794 Metre 
'^"^•^°"*-l=135,114Parislines 


789 
790 


•0635 
3M029 


1,761 
29 2,204 


4 =1-0658 Eng. foot 

1 French foot J ^„^,^,,, 

C =0^32484 Metre 



1M« Tablb XLIV. < 

For the compMiwii of Frendi and Englisli BucaiwUtg. 





.. 


Miiii- 

n»«rw 


French 








1 


?xr 




«8-0 


711-19 


m 3.S60 


l« 


MUli. 


French 


■1 

■s 


71S-73 
71*87 


4;tfl3 
6;S18 


roetTM 


Ihei 


O-OI 


'0OQ2&4 


0,1 12« 


i -3 


7ia-si 


a,644 


OH)* 


■000509 


0.285S 


•4 


781-36 


7,770 


(H13 


■0007«» 


»;i378 


•5 


733-89 


8.896 


(MM 


-001016 


O.f504 
0.5630 


■6 


72«-43 


10.032 


(HW 


■001270 


7 


728-fl7 


2ff 11,148 


0^ 


■0016M 


ofijss 


-8 


731-61 


87 0.27* 


(H)7 


■OOI7M 


0,7882 


S8« 


734-05 


1,400 


OKW 


■002032 


O,»008 






0D9 


■002286 


1,0134 


1 20-0 


736-58 


2,526 


0-10 


■002540 


1,1280 


•I 

, -2 


73e-13 
741-67 


3,052 








4,778 




1 


■3 


744-21 


6.904 


TABLE XLV: 


■4 

: "S 
■6 


746-75 
749-29 
731-83 
754-37 


7.030 
8,156 
9,282 




Diameter 


Ivory 


Young 


Laplace 


■7 


10,408 










■B 


756-Bl 


27 11,634 


0-06 


0-2949 


0- 


'964 


0-.... 


29-9 


769-46 


28 0,659 


-10 


■1404 


■ 


4S* 


•I3M 








■15 


■0865 


■ 


W80 


-0864 


30-0 


761-99 


1,785 


■20 


■0583 


■t 


589 


■0580 




i 


764-53 


2,911 


-25 


■0409 


■ 


404 


■0412 




2 


767-07 


4,037 


-30 


■0293 


■ 


280 


■0296 




3 


769-01 


5,163 


-.■w 


■0213 


■ 


1!I6 


■0216 




4 


77315 


6,389 


■40 


-0154 


■ 


l:{9 


-0159 




5 


774-69 


7,415 


-45 


■6112 


- 


100 


■0117 




G 


777-23 


8,541 


■50 


■0082 


■c 


0/4 


■0087 




7 


779-77 


9.667 


-60 


■0043 


■c 


1045 


■0046 




8 


782-31 


10,793 


■70 


■0033 




■0024 


30'9 


784-85 


28 11.919 


080 


0'0012 




00013 



EXPLANATION OF THE TABLES. 



Table I does not appear to require any explanation. It 
contains the Longitudes (from Grreenwicb) and the Lati- 
tudes of various places where astronomical observations 
have been made ; and has been taken, for the most part, 
from the Connaissance des terns. Some of the places, how- 
ever, have been corrected from more recent observations. 

Tables II and III serve to convert sidereal time into 
mean solar time; and vice versa. They show the sidereal 
time of mean noon on any given day in any given year. 

The values in the first of these tables have been formed 
on the assumption that the sun's mean right ascension at 
mean noon at Greenwich on January 1st in any year is 
exactly equal to 18*. 40™. 0*. (which, though not strictly 
correct, is very nearly so) : and that its increase in right 
ascension in a mean solar day is 3™. 56^^555. To this 
table is annexed, in a separate column, the amount of the 
motion of the moon's node from January 1st to any other 
day in the year ; for a purpose to which I shall presently 
allude. 

The second of these tables serves to correct the values 
given in the preceding table. For, since the mean right 
ascension of the sun will never be the same on the 1st of 
January in any two years, it becomes necessary to correct 
the values in Table II by the addition of the quantities 
here set against the given year. The sum of these two 

2 c 2 
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Explanaiion of the Tables. 



values gives the correct right ascension of the sun at mean 
noon at Greenwich, as reckoned from the- mean equinox. 
These values have been computed from the formula 

tV[5S'. 29'',8 - ty - 4/3) 14'. 47",08 + 27",48j/] 
= S". 33%99S - Cy - 4/3) 59S1387 + lS8320j^ 

where y denotes the number of years from 1800 (negative 
before J and positive after that period) : and the number 
of bissextile day^ between 1800 and the month of March 
in the given year, which also changes its sign with y. 

As these tables are formed for the meridian of Green- 
wich, it is evident that a correction must be applied when 
they are intended for any other place situated east or west 
of that observatory. The amount of this correction is 

X X 0S0027379 

where A denotes the longitude in time (expressed in seconds) 
from Greenwich ; + when west, and — when east.* In 
the third column is given the mean place of the moon's 
node on the 1st of January ; the whole circle being sup- 
posed to be divided into 1000 parts. 

For an example of the use and application of these 
tables, see Problem I. 



* These corrections will be, for the following observatories, as under : 

• 


¥12. 

Altona — 6^544 


Dorpat . . 






. - 17,644 


Dublin . . 






. -h 4,167 


Konigsberg 






. - 13,462 


Milan . . , 






. - 6,040 


Palermo . 






. - 8,783 


Paramatta 






. - 99,235 


Paris . . . 






- 1,536 


Vienna . . . 






- 10,763 
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Tables IV and V show the correction for the Lunar and 
Solar Nutation ; or the values which ought to be applied 
to those given in Tables II and III, in order to obtain the 
sun's mean right ascension as reckoned from the apparent 
equinox. The true correction, as deduced from Formula 
XXXIII in page 106, is 

-15",868sin^ + (y,191sin2^-l",151sin2O-(y',190sin2}) 
— l«'^58sina + 0S013sin2a— 0%077sin2O— 0%013sin2]) 

Table IV contains the correction depending on the moon's 
node (the position of which may be taken from the two 
preceding tables), the whole circle being divided into 1000 
parts. Table V contains the correction depending on the 
sun's true longitude, the place of which must be taken 
from an ephemeris. The last quantity, depending on the 
moon's true longitude, has been omitted as too small to 
affect the results in any material degree. 

For an example of the use and application of these 
tables, see also Problem I. 

Table VI expresses the motion of the sun's mean right 
ascension in a sidereal day^ for hours, minutes and seconds 
of mean solar time ; and will be found very useful and con- 
venient for converting sidereal time into mean solar time. 

For an example of the use and application of this table, 
see also Problem I. 

Table VII is a similar table for the motion of the sun's 
mean right ascension in a mean solar day^ expressed in 
hours, minutes and seconds of sidereal time ; and will be 
found occasionally useful and convenient for converting 
mean solar time into sidereal time. 
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For an example of the tue and applicati o n of this tabk^ 
•ae also Problem I. 

Table VIII serves to conTert degriseay minutes and 
seconds of tpace into similar denominationa of time : nd 
vice vend. It is founded on the ratio of 15^ to 1^ sbd 
does not require any further explanatioii. 

Tables IX, X and XI contain Mr. lyory^s refiactioDfl^ 
as given in the Phil. Tram, for 18Sd. The first of these, 
denotes the mean refraction, for the several degrees of 
aenith distance therein stated: to which are annezeid, ins 
contiguous column, for the convenience of cooipotatifln, 
the logarithms of those values, with their dififerenoes. The 
mean values are computed on the assumption that the tem- 
perature of the air is 50^ of Fahrenheit's thermometer, and 
that the barometer stands at SO inches. Table X serves 
to correct these values when the thermometer or barometer 
is higher or lower than the mean state above mentioned *; 
The value, thus corrected, shows the approximate refraction: 
which, in most instances, will be sufficiently correct Bul^ 
in the case of low altitudes and where great accura^ is 
required, this value must be further corrected by Table XI, 
agreeably to the rule there given. 

For an example of the use and application of these 
tables, see Problem II. 



* In this table I have united Mr. Ivory's tables II and lY ; which is 
the only alteration that I have made in his arrangement. No error will 
arise from this disposition of the tables, if the interior thermometer be 
used ; nor if the temperature out of doors differs but little from that 
within. 
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Tables XII and XIII are Dr. Briiikley's very con- 
venient tables for the computation of refraction : but diey 
are not adapted to altitudes lower than 10 degrees. The 
argument in the first of these tables is the height of Fahr- 
enheit's thermometer : corresponding to which is the loga- 
rithm of a quantity which I shall denote by T, and which 
must be multiplied not only by the height of the barometer 
(expressed in inches) but also by the tangent of the zenith 
distance of the star, which must not be greater than 80^. 
This will give the approximate refraction : which, in the 
case of low altitudes, and where great accuracy is required, 
must be further corrected by subtracting the value (which 
I shall call c) iii Table XIII, set against the given zenith 
distance, and under the given height of the barometer. 

For an example of the use and application of these 
tables, see also Problem II. 

Table XIV has been computed from the assumed hori- 
zontal parallax of the sun, at its mean distance, being equal 
to 8",60: and gives the required parallax of altitude on the 
first day of every month. The proportional parts are 
easily found for any intermediate day. 

Since parallax always tends to lower the true altitude 
of a body, we must add the parallax to the observed alti- 
tude, in order to obtain the true altitude. Or, which is the 
same thing, we must deduct it from the observed zenith 
distance, in order to obtain the trtie zenith distance. 

The use and application of this table are sufiiciently 
evident without an example. 

Table XV will be found very convenient for determining 
the time as deduced from observations of single altitudes of 
the sun or a star. The formula, for the reduction of such 
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observations, is given in page 89 : and it will be there seen 
that the hour angle P is always deduced from a logarithm 
which expresses the value of sin*^ P. In order to save the 
time and labour of computing the values of sach logarithms 
and to prevent the occurrence of error, I have given the 
corresponding hour angles, for every minute of time, firom 
3 hours to 8 hours ; which will be sufficient for all ordinary 
purposes. The time corresponding to any intermediate log- 
arithm may be readily determined by direct proportion 

For an example of the use and application of tliis table, 
see Problem 111. 

Table XVI is for determining the equation of equal alii- 
tudes of the sun, which will be found more convenient and 
correct than the table in general use for that purpose. It 
is computed from the Formula XVIII in page 92. The 
value of A (which is always negative) must be multiplied 
by the double daily variation of the sun's declination (con- 
sidered as negative when decreasing) and also by the tangent 
of the latitude of the place : to which must be added the 
value of B, multiplied also by the double dally variation of 
the sun's declination, and likewise by the tangent of the 
sun's declination at the time of apparent noon on the given 
day. The sum of these two quantities is the correction 
required. 

For an example of the use and application of this table, 
see Problem IV. 

Table XVII is computed from the Formula XVI in 
page 90 (No. 5 and 1 1 ). The hour angle, at which the 
star passes the prime vertical, may be deduced from No. 1, 
and the hour angle at which the vertical becomes a tangent 
to the circle of declination may be deduced from No. 10. 
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^^ The hour angle, thus deduced, being added to the right 
^^ ascension of the star will give the sidereal time when the 
^ star is on the prime vertical, or becomes a tangent to the 
^ djrcle of declination, to the westward ; or being subtracted 
? from the right ascension of the star (increased by 24^ if 
^ necessary) will give the sidereal time of the same position 
= to the eastward. To persons in the practice of making ob- 
servations on or near the prime vertical, it would be useful 
to have a table calculated to show the altitude of those stars 
which they usually observe in such case, and the time at 
which they pass the prime vertical. See Problem XIV. 

Tables XVIII and XIX are the well known tables for 

the reduction to the meridian^ computed agreeably tq the 

Formula XIX in page 93. The first of these tables shows 

2 sin* i P 
the value of A = — ?— p — *: and the argument of the 

table is the distance (in time) of the sun or star from the 
meridian. This value (or the sum of those values divided 
by the number of observations, if more than one observa- 

* Since 2 sin^ \ P denotes the verted sine of the arc P, it is evident 
that the expression in the text is equal to -: — -7^ X ver. sine P. It is in 

this manner that the tables for the reduction to the meridian have been 
published by the Board of Longitude. They have printed a table of the 
versed sines of arcs from 0* to 30™ of time, and direct that the arith- 
metical complement of die logarithm of sin 1'' be added to the constant 
logarithm (with its index increased by 4) of the number by which the 
result is multiplied: thus increasing the trouble and the liability to 
error. We are also directed to use the logarithm 5*3168000, instead of 
the arithmetical complement of the logarithm of sin 1", for observations 
on the htarii when iolar time is employed : but the true logarithm is 
5*3167966 : a slight difference, which however is of no great moment. 

2 D 
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tbn has been made) must be molfiplied by- 



" »in_ 
and the product subtracted from the senith Hiaf^nfft (out 

reeted for refracdon 8cc) df the son or star observed mm 
the meridian. The diffisrencef thus obtained will giveAe 
true meridional lenith distance of the aun or star, as cob 
reedy as if it had been observed predaely on the meridisii. 
It must however be remarked that| when the distance fixn 
the meridian is considerable^ and when great aocunuj ii 
required^ this value must be further corrected by the ad- 
dition of the value of B in TaUe XIX t9 multiplied bj 
(cos L • cos D\' ^ „ 

The distance (in time) of the sun or star firom fhe ms- 
ridian is determined by a well regulated dock; and|fir 
greater simplicity^ the motion of the dock ahoold com- 
spend with the object observed : that is, if the aun be die 
d)ject, the clock should be regulated to mean, solar time; 
and if a star be the object, the dock should be regulated to 
ndered time. This however is not absolutdy ncccsssiji 
since we may readily correct the errors arising Gram the 
rate of the clock. For if the sun be the object, and the 
clock be regulated to sidereal time, we must multiply A by 
•99455418 (log = 9*9976285) : and if a star be the olgect 
and the clock be regulated to mean solar time^ we must 
multiply A by 1*00547562 (log = 0*00287 15). There is 
however, in all cases, a correction necessary when the 



* See the list of Errata^ in this work. 

t If the star has been observed under the pole, we must tske the sum 
of these two quantities. 

X Or the sum of the values of B. divided by their number, if more 
than one observation has been made. 
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!; clock does not go accurately during the observations : and 
* whenever this occurs, we must multiply the value of A still 
farther by 1+ •00002315 r (log = 0-000010053 xr): where 
r denotes the daily rate of the clock, expressed in seconds, 
which must be assumed minus when gainings and plus 
when losing. 

For an example of the use and application of these 
Tables, see Problem V. 

Table XX shows the mean obliquity of the ecliptic, on 
the 1st of January in every year during the present cen- 
tury. It is deduced from the assumption that the mean 
obliquity in 1750 was 23°. 28'. 17",63 ; and that the annual 
diminution is 0",4?57. This corresponds with the determi- 
nation of M. Bessel, as given in Professor Schumacher's 
Astronomische Nachrichten^ No. 34. 

Tables XXI and XXII serve to determine the correc- 
tions for lunar and solar nutation, which should be applied 
to the values in the preceding table, in order to obtain the 
apparent obliquity of the ecliptic : and also the value of the 
lunar and solar nutation in longitude. The correction for 
the obliquity is deduced from the Formula XXXII in 
page 105, and is equal to 

•f-9",250cosa— 0",090 cos 2^ + 0", 545 cos 2© +0",090 cos2 5 

to which must be added the diminution of the mean obli- 
quity from the 1st of January to the given day, which is 

equal to ^, 

X d 

365 

where d denotes the number of days elapsed from the com- 
mencement of the year. 

2 D 2 
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The correction for the longitude is (as in page 105) equal to 

- 1 7^,298 sin ft + 0^,208 sin 2 ft - 1 ',255 sin2 © — 0",207 sin 2 J 

Table XXI contains the corrections for the Longitude 
and Obliquity depending on the place of the moon's node 
(which may be taken from Tables II and III), the whole 
circle being divided into 1000 parts. Table XXII contains 
the corrections for the same quantities depending on the 
sun's true longitude : the day of the month being made the 

argument. In the column marked Obliq, the value of 

O" 457 

J X d has been included in the computation. The 

So5 

last quantities, depending on the moon's true longitude, 
are omitted, as being too small to affect the results in any 
material degree : but they may be taken into the computa- 
tion (if required) by actual calculation. 

For an example of the use and application of these 
Tables, see Problem VIII. 

Table XXIII is introduced with a view to preserve 
some uniformity in referring to the principal lunar spots. 
Much confusion has arisen from the various names given 
to the same spots on the moon, by different authors. The 
present list is taken from the plate in Russel's Description 
of the Selenographia, who has proposed these spots as a 
basis from which the situation of other less remarkable 
spots may be determined. The latitudes are computed 
from a line passing through Censortntis : the longitude of 
which is assumed equal to 32® west : and the positions are 
taken from the table in the Recueil de Tables Astrono- 
miqueSj Berlin 1776. 

Table XXIV shows the angle of the vertical^ deduced 
from the Formula XXI, in page 95 ; where c is assumed 
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equal to SOO. The logarithms oitlie edrtKs radius^ in the 
last column, are deduced from the Formula XXII, on the 
same assumption. These quantities are necessary in com- 
puting the parallax of the moon : for, in such calculations, 
the latitude of the place and the equatorial parallax of the 
moon must be diminished in consequence of the compres- 
sion of the earth. The values for the latitude of Green- 
wich are given separately at the bottom of the table. 

For an example of the use and application of this Table, 
see the note to Problem XI. 

Table XXV shows the augmentation of the mooris 
semidiameter on account of her altitude, deduced from the 
Formula XXVIII No. 1, in page 101 ; according to the 
several values of 5, from 14'. 30" to 17'- 0". 

Its use and application are too obvious to require an 
example. 

Table XXVI contains the logarithms for the equations 
of the Jirstj second and third differences of the moon's 
place; and will be found very convenient for obtaining the 
correct values required. They are computed from the 
Formula XXX in page 103, for every ten minutes of time 
from noon or midnight. The two columns, entitled Jirst 

differences, contain the logarithms of —^i to which must 

be added the logarithm of A": the natural number cor- 
responding to the sum of these two logarithms will be 
the equation of the first difference'*''. The column. 



* The logarithms in the Table are carried to four places of decimals 
only; which is sufficient for the equations of the second and third 
differences: but probably may not be considered in many instances 



Mtitkd mmmI d ii itt e ncg % contaMi 4ktt Iq^Kidmi d 
1^ ; to which must b. .dded the Iog«iflua of 

zJ^ — : the natural number oorre^xmdlng to the som of 

thMe two logarithmi wQl be the equAtiaa of the aeoood 
diflferenoe. The oolunuii entitled third difierenoeSf ofxi- 

tams ihe logarithm of "cngy'^ ' to iriuch muk 

be added the logarithm €i V. This laat qaaat&y k how- 
ever generally so small, that it may in most ordinary cases 
be omitted. All these equations are to be applied to the 
moon's place, according to the s^nt: and it should be 
remembered that the moon's latitude, and declination, 
when loiiM, is considered as a n^oHoe quantify. 

For an example of the use and application ij^ this TaUe^ 
see Problem X. 

Table XXVII was originally onnpuied finom the values 
given in Formula XXXI in page 104, and which are the 
same as those given by M. Bessel in his FimdamerUa 
Astronomiie^ page 297. But that distinguished astnniomer 
has (since that formula was printed) re-investigated the 
subject of the precession of the ^quinoxesj and the result 
of his inquiry is the table here given*. 

The use and application of this Table are too well 
known to require an example. The formulae, for deter* 
mining the annual precession of a star in right ascenuon 
and declination, are given at the bottom of the Table. In 

accurate enough for the first diflTerences. In such case, we must com- 
pute the logarithm from the formula —^^, 

♦ The alterations in the values in the Formula arc noticed in the list 
of Errata, 
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these formulae, and indeed in all the formulae in the present 
work^ the declination when south is considered as a nega- 
tive quantity, and treated as such in the algebraic and 
arithmetical computation. Therefore when in such case 
the amount of precession, aberration &c in declination is 
a positive quantity, it must be subtracted from the mean 
declination : and, on the contrary, when it is a negative 
quantity, it must be added thereto, in order to obtain the 
apparent declination. Some astronomers still consider the 
declination as always positive ; and charge the sign of the 
precession &c when the star has south declination. But 
the former plan is the most convenient ; and is now more 
generally adopted. 

Tables XXVIII— XXXI are M. Gauss's very con- 
venient and general tables of aberration and nidation. 
They are deduced from a transformation of the Formulae 
XXXIII and XXXIV in pages 106 and 107; and will 
be found very useful when we have not a ready access to 
more comprehensive tables. The constant of aberration is 
assumed equal to 20",255 ; the constant of the lunar nuta- 
tion of the obliquity equal to 9'',65 ; and the constant of 
the solar nutation of the same equal to 0",493. These 
values differ in a slight degree from those given in the 
formulae above mentioned : but this difference will in most 
cases be insensible in practice. The use and application 
of these Tables may be understood from the following 
expressions. 

For the correction in Right Ascension 
Aber = — £X.cos(0+A— -^)secD 
Lunar Nut = — J. cos ( O + B— Jl) tan D 
Solar Nut = the two equations from Table XXXI 
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For the correction in Declination 

Aber= -a.sin(0 +A-jR)sinD + the2eq.ofTab.XXIX 

Lunar Nut = — i.sin(0+B— jR) 

Solar Nut = the equation from Table XXXI 

The values of A and of the logarithm of a are to be taken 
from Table XXVIII: and the values of 6 and r, and the 
logarithm of b^ are to be taken from Table XXX. The 
solar nutation is taken from Table XXXI : and it should 
be remarked that the second part of the solar nutation in 
right ascension must be multiplied by the tangent of decli- 
nation. The computer should bear in mind that, in the 
whole of these operations, the declination when souti is 
always considered as a negative quantity, and the results 
must be applied accordingly with the proper signs. 

For an example of the use and application of these 
Tables, see Problem XII. 

Table XXXII is the well known table of the length 
of circular arcs (radius =1) deduced from the expression 
/ = a.sinl". Whence, the length being known, we have 

the arc a = -: — rs * where / denotes the leniTth of the arc, 
sml" ° ' 

and a the arc itself expressed in seconds. Its use and 
application are too well known to require ah example. 

Table XXXIII shows the semidiurnal arcj or the in- 
terval of time employed by the sun or a star in passing 
from the horizon to its point of culmination, and vice versd; 
according to its declination, and the latitude of the place. 
These values have been deduced from the equation in 
Formula XV in page 89, without considering the effect of 
refraction; which would increase the duration according 



J 
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to the circumstances of the case. The use and appli- 
cation of this Table are sufficiently evident without an 
example. 

Table XXXIV has been introduced merely for the 
purpose of showing the relative values of the quantities 
therein stated, according to the latitude of the place of ob- 
servation. The lengths of the degrees of longitude and 
latitude are computed from the Formula XLIII in page 
116. The length of the pendulum is computed from the 
formula in page 22 : and the increase in the number of its 
vibrations, from the Formula XL in page 113. 

Table XXXV contains the expansion of various sub- 
stances used in experiments and observations on the pen- 
dulum. It is extracted from a more copious list given by 
me at the end of my paper ^^ On the Mercurial Compensa- 
tion Pendulum" inserted in the Memoirs of the Astronomi- 
cal Society y Vol I, pages 416 — 419. The numbers in the 
table contain the linear expansion of the body, for one 
degree of Fahrenheit's thermometer : if this number be 
denoted by e and the difference in the thermometer by /, 
the total expansion for t degrees of the thermometer will 
be et. If I denote the length of the body before expan- 
sion, then will its length afler the application of heat be 
P = l(l+et). 

At the bottom of the table I have inserted the cubical 
expansion of Mercury and of Air. The expansion of 
mercury has been determined with the greatest accuracy 
by MM. Dulong and Petit. The absolute expansion is 
that which does not depend on the form of the vessel 
which contains it, nor on its expansion : whereas in the 
apparent expansion (in glass) these circumstances are 

2 E 
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• 

taken into the computation *• The expanricm of air is 
generally assumed as equal to ^^ of its bulk, for everj 
degree of Fahrenheit's thermometer : but this applies more 
particularly to air rendered perfectly dry for the purpose 
of the experiments employed. The expansion of comxnoo 
atmospheric air, impregnated as it generally is with a 
certain degree of moisture^ is supposed by M. La Place to 
be Y f^ of its bulk. These are the two values stated m tbe 
Uble. 

Table XXXVl is a new and very convenient table for 
computing, by means of logarithms, the difference of aUir 
tudes with the barometer. It is deduced from the Formuk 
XXXVIII in page 1 1 1 f, by expanding the last term io 
M. La Place's formula, reducing the measures to English 
feet, and expressing the temperature by Fahrenheit's ther- 
mometer. Whence the difference of altitude between the 
two stations will be found equal to 

X = 60345-51 [l + 'OOlUl (/ + /'-64^)l 

xlog.of[| x-^---i^— ^J X [l-h.002695cos2p] 

In this Table, A denotes the logarithm of the first term 
here given, expressed in English feet; and C the logarithm 
of the last term : B denotes the logarithm of 1 -f- '0001 (r— t'). 
In the formation of this table I have assumed the expan- 



• The relative vertical expansion of mercury, in the glass vessel used 
for the !)o!) of a pendulum (and which is the quantity that affects the 
rate of the clock) is found by deducting tunce the linear expansion of 
the containing vessel from the absolute expansion of the mercury : and 
it may be assumed equal to '00009. 

t See the correction of this formula, amongst the Errata. 
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sion of air, for one degree of Fahrenheit, to be •00222222, 
instead of the. quantity '00208333 assumed by M. Biot. 
The rule for the application of this table is given at the 
bottom thereof in page 183 : and here it may be useful to 
remark that the heights of the barometers may be taken in 
any measure whatever; whether in English inches, French 
metres, or any other scale. — For an example of the use and 
application of this Table, see Problem XVI. 

Table XXXVII will be found useful in converting 
hours, minutes and seconds, into the decimal parts of a 
day : an operation of frequent occurrence in computations 
relative to practical astronomy. Its use and application 
are sufficiently evident without further explanation. 

Table XXXVIII will be found of similar use in con- 
verting the sexagesimal divisions (or the minutes and se- 
conds) of a degree^ into the decimal divisions of the same. 
This mode of dividing the degree heis all the advantages of 
(and is much less liable to confusion and error than) the 
mode, adopted by the French, of dividing the quadrant 
into 100 parts: and I hope that some public-spirited indi- 
vidual will ere long be bold enough to print tables founded 
on this arrangement. The decimal division of the degree 
is very convenient in all tables (particularly those formed 
for the purposes of astronomy) where proportional parts are 
required : and it has many advantages over the ordinary 
sexagesimal division. But the French mode of dividing the 
quadrant into 100 parts, calling each of those parts a de- 
gree, and adopting the same character that is used in the 
sexagesimal notation, to express that degree (although its 
value is only -j^ths of that quantity) leads to endless con- 
fusion, and ought to be discountenanced and discontinued. 

2 E 2 
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Table XXXIX serves to convert any giv^i day ioto 
the decimal part of a year consisting of 365 days* In leap 
years we must add unity to the given date, if subsequent 
to February, in order to obtain the corresponding tabular 
date: and in such case, if great accuracy be required, the 
value thus found should be multiplied by *997. 

Table XL. The new division of the circle into 400 
degrees, by the French, and the numerous and valuable 
tables that have been computed agreeably to that arrange- 
ment, render a table of this kind absolutely necessary kft 
converting the centesimal division of the quadrant into the 
sexagesimal: and vice versd. It b formed on the com- 
parison stated in Table XLII: where it will be seen that 
each degree of the French division is equal to 54' only of 
the sexagesimal division ; and each minute of the French 
division equal to 32",4 only of the sexagesimal. When the 
French Ifirst introduced the centesimal division of the 
quadrant, the new degrees were denominated grades^ and 
were denoted by the small letter g placed above the num- 
ber. Tims, 164 degrees were written 164^. This method, 
so long as degrees only were concerned, and whilst the 
subdivisions of the degree were expressed decimally, could 
not lead to any confusion : but this mode of denoting the 
new quantities has been gradually discontinued, and at the 
present day most of the French mathematicians use the 
sexagesimal notation, not only for the new degrees, but 
likewise for the new minutes and seconds : thus introducing 
considerable confusion in the value of the quantities alluded 
to. In order to remedy this, in some measure, I have de- 
noted the new degree by a small square character placed 
over it, instead of a round one. Perhaps a better plan 
would be to adopt the small Greek letters 8, /x, <r, to denote 
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the degrees, minutes and seconds of the new division : thus 
24 degrees 15 minutes and 37 seconds of the centesimal 
division of the quadrant would be written thus, 24^. \5f*. 37^ 
But much the best plan would be to discontinue the system 
altogether. 

Table XLI serves to compare Fahrenheifs thermometer 
with Reaumur's and the Centesimal ; and vice versd. It is 
founded on the comparisons given in Table XLII: by 
means of which equations the present table may be ex- 
tended to any number of degrees required. Its use and 
application will be evident on inspection. 

Table XLII contains various comparisons (of frequent 
use in practice) relative to French and English measures, 
' &c. In the Base du Systeme Metrique^ Vol. 3, page 470, 
the French metre, which is made of platina, is stated to be 
equal to 39*3827 English inches : and it has been assumed 
as such by Professor Schumacher, in his Sammbmg von 
HiiUfstafeln^ p^g^ 16. But this comparison was made when 
the two measures were both at the freezing point of the 
thermometer. This degree of temperature is the standard 
for the French scale : but the standard temperature for the 
English scale, which is made of brass, is 62° of Fahren- 
heit. Consequently the value given by Professor Schuma- 
cher ought to be corrected for the relative expansion of the 
metals, which will reduce it to 39*37079 inches, as given 
by Captain Kater in the Phih Trans, for 1818, page 109; 
each scale being brought to its standard temperature. 
By Act 5 Geo. IV, c. 74, Bird's scale of 1760* is de- 

* There is another scale made by Bird in 1758^ called also Bird's 
Parliamentary standard, which differs 4-*00016 of an inch from Sir 
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dared to be ^ legal standard: and due ecale ££fan lo 
litde (only +00008 of an inch) firom Sir George Sliiidt* 
buTfjhfs scaler that they may be considered as idcn t icaL 
And as most of the comparisons have been made with Sir 
O. Shuckbwrgh*s scale^ its measure is therefore here re- 
tained* 

The old \egil standard of France was the Ttriie de 
Perouy so called firom its bring used by the French Acade- 
micians in that country. It b formed of iron, and was 
made by M. Langlou in 1785» under the directioa of M. 
Oodin* By a comparison of this toise with a copy of 
Sir O. Shuckburgh's scale at the temperature of 56^f3 
Fahr. it was found to be equal to 76*7394 English inches. 
See Base du Sjfit. Mit. VoL 3, page 479. By a Report 
in ^ same work^ page 433, made by the French Com- 
missioners, it appears that the toise of Peru, at 61^3 Fahr. 
is equal to 1*949036 metres. It is upon these authoritia 
that I formed the comparison of the measures in the table. 

In the comparison of the centesimal degrees of the qua- 
drant, I have introduced a new method of denoting those 
d^prees. It consists in annexing a small square character, 
in order to distinguish them from the ordinary sexagesimal 
degrees, with which they are frequently confounded. See 
the remarks I have already made on this subject in 
page 212. 

The ler^th of the pendulum is taken from Capt. Kater^s 
last determination in the Phil. Trans, for 1819, page 415. 

The velocity of sound is deduced from a comparison of 
the experiments which have been recently made by several 



George Shuckburgh's scale: and this must not be confounded with 
the 9cale of 1760. All these scales are made of brass. 
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distinguished philosophers: the mean of which is very 
near the value here assumed. 

Table XLIII contains the logarithms of various qtum" 
tities which occasionally occur in astronomical computa- 
tions ; and will prevent the necessity of referring to other 
works, when they are required for use. The last two loga- 
rithms should more properly have had the characteristic 9 
affixed, instead of 1 and 3 respectively : as it is in general 
required to convert the divisions into integers of a similar 
denomination. 

Table XLI V contains a comparison of the French and 
English barometrical measures: and will be found very 
convenient for reducing either French or English mea- 
sures, to the contrary denomination. It is deduced from 
the assumption that the French metre, at the freezing 
point, is equal to 3937079 English inches, at the tempera- 
ture of 62^ Fahrenheit: as already alluded to in page 213. 

Table XLV will be useful in comparing the height of 
the quicksilver in barometers, where the tubes are of dif- 
ferent diameters : and affords a correction which ought not 
to be rejected in any nice calculations. 
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Problem I. To convert sidereal time into mean 

solar time : and vice versd. 

This problem is of frequent occurrence in practical 
astronomy, and is solved by the help of Tables II — VII in 
the present collection, which have been expressly formed 
for that purpose. Their application is as follows : let us 
make 

M = the mean solar time at the place of observation 
S = the corresponding sidereal time 
JR = the mean fight ascension of the meridian (or the 
mean longitude of the sun, converted into time) 
at the preceding mean noon, at the place of ob- 
servation 
a = the acceleration of the fixed stars (as shown by 
Table VI) for the interval of time denoted by 

A = the acceleration (as shown by Table VII) for the 
time denoted by M 

then we shall have 

M = (S - iR) - a 
S = iR + M + A 

The mean right ascension of the meridian, at mean noon on 
any day in any year, as reckoned from the mean equinox, 
is found by Tables II and III : to which must be applied 
the equations deduced &om Tables IV and V, in order to 

2 F 
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give the right ascension reckoned from the apparent 
equinox *. 

Example. An eclipse of the first satellite of Jupiter was 
observed at Greenwich on Jan. 17, 1825 at 2*>. 19". 49S0 
sidereal time by the clock. The clock however was too 
fast 59% 14 : consequently the correct sidereal time was 
9,\ 18°^. 49%86. Required the corresponding mean solar 
time? 

Table II Jan. 17 . . . . = 19 43 4,885 2 

Table III 1825 = 3 20,654 749 

Table IV Lunar nutation . . = -f 1,056 747f 

Table V Solar nutation . . = + 0,062 

Mean M, at preceding mean noon"! TI^TTTmZ 
, ,^. ^ . }^= 19 46 26,657 

reckoned from app, equmox J 

S = 2 18 49,860 

(S - A) = 6 32 23,203 
Table VI - ^ = ^ 1 4,282 

Mean solar time required . . = 6 31 18,921 

If the observed time had been mean solar time 
6**. 31". 18%921 and it were required to find the corre- 

♦ All the ephemerides give the true ^ of the sun for apparent noon: 
but we may easily deduce therefrom the ^ for mean noon, if required, 
in the following manner. The equation of time being expressed in 
mean solar time, we must first convert it into sidereal time by Table 
VII : then change the sign and apply it to the JR of the sun for ap- 
parent noon. The result is the true JR. of the sun for mean noon : pro- 
vided the ephemeris has been correctly computed. 

t The place of the moon's node on Jan. 1, 1825 is, by Table III, 
equal to 749, from which must be deducted the motion of the node 
from that day to Jan. 17, which, by Table IT, is equal to 2: the dif- 
ference (*=747) is the argument for entering Table FV. 
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spending sidereal time, the operation would have stood 

thus: h m • 

M = 6 31 18,921 

as above found . . -^ = 19 46 26,657 

Table VII . . . A = 1 4,282 

Sidereal time required = 2 18 49,860 

# 

When the place of observation is situated on a different 

meridian from that of Greenwich, the value of jR as found 

by these tables must be increased or diminished agreeably 

to the rule given in page 196. 

The mean solar time being ascertained, we may readily 

determine the corresponding apparent time^ by applying 

the equation of time^ as shown by an ephemeris, for the 

moment of observation*. Thus the equation of time on 

Jan. 17, 1825 at 6**. SI". 18%92 as given in the Nautical 

Almanac, was 10". 34*,57; which (being directed to be 

added to apparent time) must be subtracted from mean 

time : consequently the corresponding apparent time was 

6\ 20'". 44%35. 

There is another very convenient, and equally correct 
mode of converting sidereal time into mean solar time, 
by the help of an ephemeris computed for the given place ; 

which is as follows : 

M = (S - m') - a + e 
where S^ denotes the apparent right ascension of the sun 



* The equation of time is equal to the difference between the sun*s 
mean longitude, converted into time, and the sun's true right ascension. 
It may be useful to remark that Table VUl in M. Delambre*s Tablet of 
the Sun (which is the same as Mr. Vince's XXIX) is inaccurate, and in 
some cases produces an error of 1%6. Another and a more correct table 
is given in the Con. det tenu for 1810, page 492. 

2 f2 
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at the preceding apparent noon, and e the equation of time 
at the same moment : both of which are given in the 
ephemeris. Take the example above given. 

h m • 

S = 2 18 49,86 
By Nautical Ahnanac iR' = 19 56 57,70 

6 21 52,16 
Table VI ... - a = - 1 2,58 

6 20 49,58 
By Nautical Almanac . e = 10 29,30 

6 31 18,88 

This result ought to be exactly the same as the pre- 
ceding: and the slight difference, which occurs, arises 
from the circumstance that the co-efficients of the two nu- 
tations, in Tables IV and V, are not precisely the same as 
those which are used in the computations of the Nautical 
Almanac. 



Problem II. To determine the refraction of a 

heavenly body. 

The tables of refraction are very numerous, and many 
celebrated mathematicians have devoted their time and 
abilities to the investigation of this inti*icate subject The 
labours of Bradley, Bessel, Littrow, LaPlace, Carlini, 
Groombridge, Atkinson, Gauss, Young, Ivory and Brink- 
ley, are too well known to require any comment. But, as 
it was necessary to make a selection, I have chosen the 
tables of the two latter authors : those of Dr. Young are 
given annually in the Nautical Almanac. 

Example 1. The zenith distance of a AquiUe was ob- 
served 71°. 26'. 0" the barometer standing at 29*76 inches 
and the thermometer at 43° Fahr. Required th^ refraction ? 
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By Mr. Ivory's tables 

logarithm! 

Table IX Mean refraction . . . = 2-23609 
Table X Barometer 29-76 . . . = 9-99651 
Table X Thermometer 43° . . . = 0-00668 



Refraction = 2' 53' ,49 = 2-23928 

By Dr. Brinkley's tables 

Table XII Thermometer 43^ . . . = 0-2965 

Barometer 29-76 . . . . = 1-4736 

Tangent 71°. 26' . . . . = 0-4738 

Approximate Refraction = 2' 55",35 = 2-2439 
Table XIII ... ~ c = - 2 ,03 

True refraction = 2 53 ,32 

If we denote the apparent zenith distance by Z* and the 
true zenith distance by Z' we shall have 

I Z^ = Z» + r 

where r is the computed refraction. Or, if we prefer ex- 
pressing these values by means of altitudes^ we shall have 

A* = A» — r. 

Example 2. The apparent zenith distance of a Lyrce 
was observed 87°. 42'. 10": the barometer standing at 
29-50 inches, and the thermometer at 35° Fahr. Re- 
quired the refraction ? 

By Mr. Ivory's tables 

logarithms 

Table IX Mean refraction . . . . = 3-00856 
Table X Barometer 29-5 . . . . = 9-99270 
Table X Thermometer 35° . . . = 0-01444 



Approximate mean refraction = 17' 16",S0 = 3-01570 
Table XI - -606 x - 15 3= -f 9 ,09 
Table XI + 1-04 x - -5 = - ,52 

True refraction = 17 25 ,37 
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Problem III. To determine the time from singk 
altitudes * of the sun, or a star : its declination, 
and also the latitude of the place being given. 

The observed altitude or zenith distance of the sun or 
star must first be corrected for refraction, as in the last 
Problem f. Then, by means of Formula XV, in page 89, 
we obtain the logarithm of sin* ^ P : and by the help of 
Table XV, we deduce from that logarithm the value of P, 
or the hour angle from the meridian. 

In the case of the sun, this hour angle will be the ap- 
parent time X f>*om apparent noon at the place of obseroa- 
Hon : to which the equation of time must be applied, in 
order to deduce the mean solar time. But, in the case of a 
star, it will denote the distance, in time, of the star from 
the meridian ; and which, being added to the right ascen- 
sion of the star, if the observation be made to the westward 

* Single altitudes, or absolute altitudes, is a term glyea to observa- 
tions of the altitude of the sun or a star, when made on the same side 
of the meridian : in opposition to equal altitudes, which are made on 
both sides of the meridian. Sec the next problem. It is not meant to 
imply thereby that onli/ one altitude is taken ; because in general there 
are several: and the usual method is to note down the time of each 
observation, and the altitude observed ; and then to take the mean of 
the times and the viean of the altitudes as one observation. 

t If the sun be the body observed, it must be corrected also for 
Parallax by Table XIV. And, since it is the border only of the sun 
that can be observed at one observation, we must reduce this to the 
centre, by applying its semidiameter, which may be found in any ephe- 
meris: or by observing alternately the upper and lower border, and 
taking the mean of each pair of observations. We must also compute 
the declination for the apparent time of observation, at the given place. 

J When the observation is made in the forenoon, this apparent time 
must be subtracted from 24'' in order to show the apparent time of the 
day. 
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of the meridian, or subtracted therefrom (increased by Si** 
if necessary) if the observation be made to the eastward, 
will give the sidereal time of observation. 

Example 1. On October 18, 1818 at a**. 6^ 30% 7 p.m. 
mean solar time as shown by a clock, the zenith distance 
of the upper border of the smi (corrected for refraction and 
parallax) was found to be 75°. (/. 8",9 : the place of obser- 
vation being situated in N. Lat. 52°. 13'. 26" and W. Long. 
4". 40* from Greenwich. What was the correct time of 
observation? 

If we add the semidiameter of the sun on the given day 
(= 16'. 6") to the zenith distance (corrected as above) of 
the observed border, we shall have the true zenith distance 
of the sun's centre equal to 75°. 16'. 15". We must next 
compute the sun's declination for the approximate apparent 
time of observation at the place. Let us suppose that the 
Nautical Almanac is made use of for these computations. 
The equation of time at apparent noon (or at 1 1*". 45°*. 18%9 
mean solar time) at Greenwich, was — l^"". 41*,1 : which 
being added, with its sign changed "^9 to the mean solar time 
of observation, will give 3''. 21*" for the approximate appa- 
rent time, at the place. But, as the computations are made 
from the Nautical Almanac, we must add the longitude 
from Greenwich; and compute the sun's declination for 
3^. 26" Greenwich apparent time, with a daily variation of 
21'. 51". Consequently the sun's declination at the time 
of observation was -^ 9°. 33'. 30". With these elements 
the computation will stand thus : 



* The equation of time is an equation which in an ephemeris is di- 
rected to be added to, or subtracted from, apparent time, in order to 
deduce the mean solar time : consequently we must reverse the sign 
when we wish to apply the equation to mean solar time, in order to de- 
duce apparent time. 
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O I II 

L = -h 52 IS 26 cos = -h 9-7871611 
D=»— 9 33 30 cos=+ 9*9939285 



(L - D) = +61 46 56 -h 9-7810896 
Z = + 75 16 15 

Z — (L - D) = -h 13 22 19 sini = -h 9*0698112 

Z + (L — D) = 4- 137 3 11 sini = + 9-9687570 



+ 9-0385682 
as above = + 9*7810896 



sinHP= + 9-2574786 



By Table XV ". sin'i P = 3 21°" 22,7 
equation of time f . . = — 14 42,7 

correct mean solar time .=36 40,0 
observed mean solar timef = 3 6 30, 



>01 !_ 1 

^ >at the place. 
>7J 



I 



Consequently the clock was . . 9,3 too slow. 

Example 2. On March 23, 1822, in N. Lat 51^ 33'. 34" 
I observed, to the westward of the meridian, the zenith di- 
stance of Aldebaran (after correcting for refraction) to be 
68°. 2'. 21" at 9^ 24'". 44S0 by a sidereal clock. What 
was the error of the clock at that moment ? 

On that day the apparent M of the star was 4^ 25"". 43%8 
and its apparent Declination was + 16°. 8'. 44'^; as shown 
by the Nautical Almanac. Consequently the operation will 
stand thus : 

* The declination of the sun being touth^ it is considered as a negO" 
tive quantity in the computations. 

t By Nautical Almanac at S**. 26™. 17%7 from Greenwich: or at 
ZK 21«». 2^,7 + 4". 49». 

:( If a sidereal clock hud been used in this observation, we must have 
reduced the sidereal time to mean solar time, in order to show the 
error of the clock. 
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o t n iQgarithntf 

L = + 51 33 34 COS = + 9*7935825 

D= + 16 8 44 cos =4- 9-9825238 



(L — D) = +35 24 50 -h 9-7761063 

Z = + 68 2 21 



Z — (L - D) = +32 37 31 sini = +9-4485148 
Z + (L — D) = + 103 27 11 sin i = + 9-8949038 

+ 9-3434186 
+ 9-7761063 



sinHP= + 9-5673123 

By Table XV . sin« i P = 4 59^ 21,7 

iR = 4 25 43,8 

correct sidereal time . . = 9 25 5^5 
oft^erx;^^ sidereal time* . = 9 24 44,0 

error of the clock .... — 21,5 

• It is scarcely necessary to remark that the most favourable 
opportunity, for determining the time from altkudes of the 
sun or a star, is when those bodies pass ihe prime vertical: 
since their motion in altitude is then the most rapid, and a 
slight error in the assumed latitude will not materially 
affect the result f • 

In fact, in a fixed observatory, (or where the observer 
may be stationed at the same place for several successive 



* If a clocks showing mean solar time, had been used in this ofoser- 
Tation we must have reduced the mean solar time to sidereal time, in 
order to show the error of the clock. 

f In the latitude of Greenwich, a star varies 9",t3 in altitude in one 
second of time, when on the prime vertical. The general expression 
for such variation is 15cosLat. 

2g 
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nights) if we observe the same stars we may very much 
abridge the computations by maldng the observations on 
the prime vertical ; since one calculation made for eacti star 
will be sufficiently accurate for a long period : as I have 
shown more at length in the Memoirs of the Astronomical 
Society^ Vol. 1, page 315. 

Problem IV. To determine the time of noon or 
midnight, from equal altittcdes of the sun*: the 
interval of time between the observations, the lati- 
tude of the place, the declination of the sun and 
its daily variation being given. 

This problem is solved by means of the formula in 
page 92 : where the value of the correction a? is to be ap- 
plied to the mean of the times at which the equal altitudes 
have been observed. The logarithms of A (which is always 
minus) and of B will be found in Table XVI, opposite the 
given interval. Then find by the Nautical Almanac, or any 
other ephemeris, the sun's declination at the time of noon 
on the given day and at the given place : which however 
need not be taken out to any great accuracy. Find also 
the double daily variation of the declination expressed in 
seconds; that is, the difference (in seconds) between the de- 
clination at the time of noon on the preceding day, and the 
declination at the time of noon on the following dayf. 

* If we observe equal altitudes of a star, it is evident that half the 
interval of time elapsed will give immediately the time of the star 
passing the meridian, without any correction. 

•j- The logarithms of these values, for every day in the year, are now 
given annually by M. Schumacher in his Asiron. Hulfstafeln, They 
would form a valuable addition to our own national ephemens; since 
they would be very useful in navigation, as well as in the observatory. 
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This quantity is denoted by S; and it must be considered 
negative^ when the sun is proceeding towards the south 
pole*. 

Example. On July 25, 1823, in N. Lat. 54^. 20/ at 
S^. 59". 4" A.M. and at 3\ 0"^. 40* p.m. the sun had equal 
altitudes. Required the equation, or correction to be ap- 
plied to the mean of those times in order to find the time 
of noon? 

The interval of time being 6**. 1". S6% we have by 
Table XVI log. A = 7-7707 and log. B = 7*6187. And 
by the Nautical Almanac the declination of the sun, at 
noon on that day, was + 19^. 48'. 29", and its double 
daily variation equal to - 25'. 29" = — 1529". The 
operation therefore will stand thus : 

logarithms logarithms 

- A = - 7-7707 B = + 7-6187 

5 = — 1529" = — 3-1844 8 = — 1529" = — 3-1844 

tan 54°. 20' = + 0-1441 tan 19°. 48' = + 9-5300 

+ 12»,57 = + 1-0992 — 2%15 = — 0*3331 

Correction = + 12%57 — 2%15 = + 10%43 

This value, being added to the mean of the times of the 
observed altitudes, or \ (20^. 59". 4* -f 27**. 0«». 40») = 
23**. 59'». 52% will give 0**. O"*. 2»,43 for the time at appa- 
rent noon. 

This however denotes apparent time : and we must add 
thereto the equation of time, which on that day was up- 
wards of 6 minutes. If the observations were made on 
the meridian of Greenwich the chronometer ought to show 
0\ 6". 7%2 ; and consequently would denote that it was 
too slow by 6". 4%77. 

* That is^ from the time of the summer solstice, to the time of the 
winter solstice : or from June ^1 to Dec. 21. See the Errata. 

2 g2 
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Problem V. On the reduction to the MeridiaD. 

In order to determine the meridional altitude of a hea- 
venly body, it b usual, in large observatories furnished with 
a mural circle or quadrant, or a transit circle, to obsene 
such body at the precise moment of its passing the me- 
ridian. But, where the observer is furnished with an alti- 
tude and azimuth instrument, or a repeating circle, this is 
not absolutely necessary ; since, by means of Tables XVIII 
and XIX, we may render any number of observadons 
made on each side of the meridian, and at a short distance 
therefrom, equal in accuracy to those which are made im- 
mediately at the moment of culmination. For this purpose^ 
it is necessary to know the distance (in time) of the sun or 
star from the meridian at the moment of each observation: 
and, opposite to such given distance in time in Table XVIII, 
is stated the value which ought to be applied to the zenith 
distance observed. The sum of these valuer divided by 

their number, and multiplied by r^ ^, will give the 

correction which ought to be applied to the mean of the 
zenith distances observed (corrected for refraction) in order 
to determine the true meridional zenith distance of the sun 
or star. Should greater accuracy however be required, we 
must take the second part of the reduction from Table XIX, 
the sum of which (divided also by the number of observa- 
tions) must be multiplied by ( 7^-^ j X cotZ. But 

this second correction is seldom necessary. 

The expression for the zenith distance of a star, in terms 
of its declination and of the latitude of the place, will vary 
according as the observations are made to the south of the 
zenith, or to the north of the zenith ; and, in this latter 
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case, according as the objseryations are .made above or 
below, the pole *• These several values will be as follow: 

Z =s L •— D . . . if the obs. be made to the south 
Z = D — L . . . if to the north, above the pole 
Z = 180° — (L 4- D) if to the north, belam the pole. 

It should be observed here that, when the sun is the ob- 
ject observed, there is a further correction to be applied, 
which is shown in the formula in page 93 : where E and 
W are expressed in minutes of time, considered as in- 
tegers. 

Example. On May 13, 1819 a set of 14 observations of 
Polaris, near the time of its lower culmination, was made 
with a repeating circle, at Shanklin in the Isle of Wight, on 
each side of the meridian; the mean of which gave the ob- 
served zenith distance, corrected for refraction, equal to 
41°. 1'. 54", 1. The latitude of the place is assumed equal 
to 50°. 37'. 23"; and the apparent declination of Polaris is 
found by the Nautical Almanac to be 88°. 20'. 28",87. The 
observations were made with a chronometer showing mean 
solar time, having a losing rate equal to 1",8. Polaris passed 
the meridian at 9^. 37"*. 32^ by the chronometer; and the 
respective observations were made at the several periods 
indicated in the second column of the following table. 
What was the correction to be applied to the mean of the 
zenith distances above mentioned, in order to reduce them 
to the meridian ? 

By taking the difference between the several times of 
observation and 9\ 37*". 32» we obtain the values in the 

* M. Delambre has, in ImAstronomie, considered only the case where 
the observations are made to the south of the zenith : and it was by 
following him too closely that I was led into the error of employing 
(L— D), instead of Z, in the Formula in page 93. See the list of Errata, 
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third column of the following table. Entering Table XVIII 
with these values, as arguments, we obtain the values set 
down in the last column : the sum of which being divided 
by 14 will give 490",9. 



No. 


Time of 


Time from 


Table ^VIII 


Observation 


Meridian. 




h m 8 


m 8 


H 


1 


9 13 15 


24 17 


1156,8 


2 


.9 16 40 


20 52 


854,3 


3 


9 21 21 


16 11 


514,0 


4 


9 33 S5 


3 37 


25,7 


5 


9 36 44 


48 


1,3 


6 


9 39 55 


2 23 


11,2 


7 


9 42 27 


4 55 


47,5 


8 


9 45 40 


8 8 


129,9 


9 


9 48 56 


11 24 

* 


255,1 


10 


9 51 53 


14 21 


404,2 


11 


9 54 40 


17 8 


576,1 


12 


9 56 48 


19 16 


728,4 


13 


9 59 40 


22 8 


961,1 


14 


10 2 20 


24 48 


1206,4 

14)6872,0 

- 490,9 



The subsequent operation then will stand thus : 



// 



L = 50 37 23 
D = 88 20 29 



138 57 52 



180^ - (L + D) = 41 2 8 



cos = + 9-8023765 

cos = + 8-4615613 

4- 8-2639378 

sin = + 9-8172528 

constant log, = + 8-4466850 

490,9 = 4- 2-6909930 

on account of mean solar time = + 0-0023715 

on account of rate of clock = -f 0-0000181 

13",806 = a; = + 1-1400676 
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As the star was below the pole, at the time of observation, 
this correction must be added to the observed zenith di- 
stance ; whence die true meridional zenith distance will be 
41°. 1'. 54j",1 + 13",81 = 41°. 2'. 7",91 ; and die latitude 
= 180*^ - (Z -f- D) = 50^ 37'. 23",22. 

In observations with the repeating circle, for determining 
the latitude, it is necessary to attend to the verticality of the 
circle; since an inclination of the circle will cause a corre- 
sponding error in the results. But if the amount of the 
inclination i be known, we may ascertain the error e in die 
result, by means of the following equation: 

^ = i sin l".2*.cot Z. 

We must also attend to the position of the levels and 
either bring it, by the proper screw, to its zero point, or 
take an account of the place of the bubble in the two 
opposite positions of die circle, and allow for the differ- 
ence, according to the value of die divisions of the scale : 
prefixing die sign + or — according as either end of the 
bubble is nearer to or farther from the observer than the 
true zero point. 

There are also some other circumstances to be attended 
to, in the management of this instrument, which are pointed 
out in the works expressly written on that subject 

Problem VI. To determine the latitude of a place. 

The best mode of determining the latitude of a place, so 
as to be independent of the dei^lination of the star observed, 
and also as free as possible from the errors of refraction, is 
by obsei*vations of a circumpolar star at the time of its 
upper and lower culmination. These observations may be 
made by means of a mural circle or quadrant, or a transit 
circle, at the precise moment of the passage of the star 
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the wmnSmsB^ er Aqr nuy be made byniMlit 
and anmadi ciidfl^ or a icpeattng cifdo^ cidier in tbe mm 
iBaiiiiaryorinllMBodeaHiidedlDiQ'dielMtpcob]^ h 
eidier cmq^ thavfofe^ 1^ Z denote tho obierved oar dednni 
meridional louth dinanee of die cucvRhpoIhi' iiar.itib 
kMwr cul«iwaitinn» and f its refiraocknt at Ihntponit: dn 
let Zf denote the obeenred or dednoed meridiofad mtt 
dittanoe ofdie same star eC ila upper c nlmini i ti oi^ aiidf 
hi reftaotion'at that point Then wfll the ^ooneot mbA 
dittanoe of die polej or the co4atilade (4r) of tibe pkee^^fae 

It it erident that the aceniUe detarminatioD of 4^ wiD 
depend on die tables of refraction diat are uaed in the 
eomputetion : and there is no mode of renderings die pro- 
bkm free iroai this ambigoily. 

If we take die case of die pole star as obeenped at 
Oreenwich, its aenith distance at die upper culmination 
may be M\ fUf only, vhereas at its lower cnlminarion it 
maybe40^7'3 and half the sum of the refivotiens at these 
p<mits will differ according to the tables of i^Graction em- 
ployed. This half sum (the barometer being at SO inches, 
and Fahrenheil^s thermometer at 50^) will be by 

Bradle/s Tables s 4*6^,03 

BessePs Tables s 46 »58 

Ivory's Tables = 46 ,53 

French Tables = 46 ,52 
Consequendy a difierence of half a second, at least, will 
take place, at that temperature and pressure according as 
Bradley's or the other tables are made use of. 

The next usual mode of determining the latitude of a 
place, is by means of meridional zenith distances of the 
sun, or a star (whether circumpolar or odierwise) whose 
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declination is well known. The expression for the latitude 
' will, in such cases, vary according as the observations are 
^ made to the soutii of die zenith, or to die north of die 
' zenith : and in this latter case, according as die observa- 
tions are made above or below the pole. Let L denote the 
latitude required, D the declination of the sun % or the 
apparent declination of the star, and Z the observed me- 
ridional distance of the same (corrected for refraction in 
the case of a star, and for refraction minm parallax in the 
case of the sun*), then we shall have 

L = Z + D • • • if die obs. be made to the south 
L = D — Z . . . if to die north abaoe the pole 
L = 180^ — (Z + D) if to the north beUm the pole. 

There is another mode of determining the latitude of a 
place, by means of observations of the altitude of the pole 
star at any time of the day $ a method which is capable of 
great accuracy, and may frequendy prove very convenient 
and useful. I have already treated diis subject, more at 
length, in two papers inserted in the Philosophical Maga^ 
zine for June and July 1822 : and shall here merely refer 
to the formula, which is given in page 110 of the present 
work, for the mode of explaimng the subject by the follow- 
ing example. 

Example. At 4t^ after the passage of the pole star, at its 
upper culmination, its altitude (corrected for refraction) 
was observed to be 50^. 47'. 4«3",6, and its apparent north 
polar distance was 1^. 38'. What was the latitude of the 
place ? 



* Where the sun is observed and where great accuracy is requbed^ 
its declination should be corrected on account of its latitude. 

2 u 



TIm opormlion will stand tlim : 

. ^m V nf if ta&a4' 8-4550m9 

P«60 cog ■ + 0*e988TOO 

aB049 0,6 tana+ 8*1540899 

a sa «8 abore cos a + 9*9999559 

Asm above cos a + 9*9998gS5 

0*0001524 
A at 50 47 45,6 sin s + 9*8898424 

(f + a) 8 50 49 0,7 tin « 9 8898748 

a m 49 0,6 

Latftude » 50 0,1 

For mjtxed observatory, these oompatatioiia mi^ be 
somewhat abridged, and rendered less liaUe to error, bj 
detenmning the logarithms of the values of (^ sin l^'.tanf) 
and of — (j^coCf + tanf)sinl'^: which in the above esie 
would be 4*4607741 and -4*8558647 reipecfively*. Ihs 
subsequent process then, agreeably to the Sonnulm given 
in page 110^ will be as follows: 

- A =e - 5*7695775 

cos P a + 9*6989700 

- 49'. 0",0 as « » - 5*4685478 

A = -h 5-7695773 

sin P = -h 9*9575506 

i^.sin P s + 5*7069079 

^•.sin«P s: + 7*4158158 

isinRtanf = + 4*4607741 

+ 1'. 14",9 sn /3 = + 1*8745899 

« = - 5*4685475 * 
y = - 4*8555647 
+ 1",6 = «/3y =s + 0'1965019 



• The latitude of the place u always known sufficiently near for the 
determination of these logarithms. 
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Consequently the latitude of the place will be 

O i ti 

50 47 4.3,6 
1 14,9 

1^ 

50 49 0,1 
— 49 0,0 

50 M 



There is still another mode of determining the latitude 
of a place, which is independent of the divisions of the in- 
strument, and depends only on the apparent declination 
(D) of the star observed, and on the interval of sidereal 
time which has elapsed between the observations. This 
method (which I have also explained more at length in the 
Philosophical Magazine for May 1825) consists in placing 
the axis of the telescope of an altitude and azimuth instru- 
ment due north and south, so that the vertical circle should 
stand east and west, and thus twice cut the parallels of all 
the stars between the equator and the zenith. The obser- 
vation of the two times T and T' (at which the star passes 
the wire of the telescope in its diurnal revolution) will give 
the latitude (L) of the place from the following formula, 

cotL = cotD.cosi(T-T') 

In this formula, (T — T) denotes the correct interval of 
sidereal time elapsed between the observations of each star, 
expressed in degrees &c. So that if mean solar time be 
employed, we must multiply the interval by 1*0027379; 
or, which is the same thing, add the values found in 
Table VII, against the given interval. 

It is evident that this method (like all the others, except 
that by means of circumpolar stars) depends on the accu* 
racy of the apparent declination of the star observed : a 

2 H 2 
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small error in this point, however, will not materially aflfed 
the results. But, if this mode be adopted in geodedcal 
c^rations, it is evident that we may obtain the differences 
the latitude of two places very exactly and almost indepen- 
dent of the declination of the star. It is this circumstance 
that renders the method valuable in such investigations. 

This method is indeed recommendable on account of its 
independence of any error in the instrument. If the colli- 
mation should not be sufficiently corrected, the cylinders of 
the axis should be unequal in their diameter, the telescope 
or the axis should bend &c &c, we shall still obtain a cor- 
rect result, either by reversing the axis between the two 
operations, or by observing one day in one position and 
the next day in the other position of the axis, and taking 
the mean of the ^two. The success solely depends on the 
quality of the telescope, and the care employed in levelling 
the axis. It is scarcely necessary to add that observations 
of this kind should be made on stars that culminate near 
the zenith of the place. 



Problem VII. To determine the longitude of a 

place. 

The method of determining the difference of longitude 
between two given points on the surface of the earth, which 
is one of the most difficult problems in practical astronomy, 
has long engaged the attention of various astronomers and 
mathematicians ; and has been executed with more or less 
accuracy according to the means employed for that pur- 
pose. If the distance between the two observatories be not 
very great, their difference of meridian may be determined 
with considerable accuracy, by means of chronometers con- 
veyed from one observatory to the other ; or by means of 
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i^ignals previously agreed on. These methods have he&i 
practised very successfully on many recent occasions. But^ 
where this is impracticable, we must have recourse to the 
observation of certain celestial phsenomena for the soluticm 
of the problem : and for this purpose, five several and di«!> 
stinct methods have been proposed : 1^ the eclipses of Ju- 
piter's satellites : 2^ eclipses of the moon.: 3^^ eclipses of 
the sun: 4° occultations of the fixed stars: 5^ the me- 
ridional transits of the moon, compared with certain stars 
previously agreed on. 

The results deduced from the observations of the eclipses 
of Jupiter's satellites are, for obvious reasons, very unsatis- 
&ctory. The phenomena will, in fact, appear to take 
place at different moments of time, with different instru- 
ments and to different observers. Moreover, they are 
visible only in certain positions of the planet in its orbit ; 
a circumstance which very much circumscribes the utility 
of the method. 

The eclipses of the moon afford a still more unsati^ac- 
tory result : they occur but seldom in the course of a year, 
and the phsenomena attending them cannot (on account of 
the indistinctness of the border of the earth's shadow) be 
observed with that degree of accuracy which the present 
state of astronomy requires for such purposes. 

Eclipses of the sun are more certain in their deductions : 
but, they so rarely occur, and are at the same time so 
limited in extent, that they can seldom be brought in aid 
of the general solution of the problem. From September 
1820 to November 1826, there is only one solar eclipse 
that vrill be visible in this country. 

There remain therefore only the two other methods, on 
which the practical astronomer can safely and constandy 
depend. Of these, I am aware that occultations of the 
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fluid tCait bj ih0 moon have ben long ooneideied i| 
dbrding the beil meui of detanniiiiii^ iIm diffiBnnoa of 
loiigitiide between two pleoes: end, emmdlyt the lenhi 
dedaoed finom soeh obier¥ationi» made under &vpvnU0 
cii€innit«noee» have agreed with eech other te> a greater d^ 
gree of aoeiiraqr» than thow dedaoed by any of the p» 
eecUog methodf. 

There are^ however, many circwDttence% attending dn 
practical tolntion of the problem Iqr thie metbod, which 
tend to diminiih the confidence which it repoeed in the cor- 
rectness of the theory; In the first places it ii necemiy to 
know the qipaient right ascension and dedinatioo of the 
star very exactly^ on the day of observatioii ; wfaicfa^ifthe 
star is of inferior magnitode (and sndh being the most na- 
meroDSy are the most likdy to be occdtedX may not be 
readfly determined: fer, we may not be Me to find it in 
any catalogoe; and, wlien found, we have to conqrate its 
precessioDy aberration, and nutation expressly for this por- 
pose. In the second place, we have to caicnlate the paral- 
lax of the moon for the given moment of obeervation: and 
in tliis computation we must assume a given qnantily for 
the compression of the earth; respecting which, astrcmo- 
mers are by no means agreed, and which wUl consequently 
give rise to vArious results, according to the view which 
each astronomer may take of the subject* Thirdly, this 
method is dependent on the accuracy of the lunar tables^ 
not only as to the position of the moon and her horaiy 
motion, but also as to her horizontal parallax and semW 
diameter. Fourthly, the metiiod is, in a great measure^ 
dependent on a correct knowledge of the longitude and 
latitude of the place of observation. And lastly, the ap- 
parent border of the moon is so uneven (consisting of pro- 
jecting mountains and hollow valleys) that we cannot always 
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depend on the immersion or emer^on having tskea pUice 
at the exact distance from the moon's centre, as compute 
from the Imiar tables* 

The meridional transits of the moon, agreeably to the 
method about to be described, are free from all these ob- 
jections : the observations are made with the greatest &-- 
cility ; the opportunities are of frequent occurrence ; the 
absolute time is of no material consequence ; the computa- 
tions are by no means intricate or troublesome ; and the 
results are (I believe) more to be relied on than by any of 
the preceding methods. 

This method consists in merely observmg, with a transit 
instrument, the differences of right ascension between the 
border of the moon, and certain fixed stars previously 
agreed on* : which stars are so selected that they shall 
differ very little from the moon in declination. It is evi- 
dent that this method is quite independent of the errors of 
the lunar tables, except as far as the horary motion of the 
moon (in right ascension) is concerned, and which, in the 
present case, may be depended on with sufficient confi- 
dence: that it does not involve any question as to the 
compression of the earth : that a knowledge of' the correct 
position of the star is not at all required : and finally, that 
an error in the state of the clock, is of no consequence. 
Consequently, a vast mass of troublesome and unsatisfac- 
tory computation is avoided. Moreover, it is the only 
method that is universal^ or, that may be adopted, at one 
and the same time, by persons in every habitable part of 
the globe: for, it is applicable to situations distant 180^ in 
longitude from each other ; and even beyond that if required. 

* lists of such stars, called moon eulmmatmg ^tors, are now annually 
published. 
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It might indeed, at first sight, appear that the same re- 
sults would be obtained, if we merely observed the correct 
time of the moon's transit, without any reference to the 
contiguous stars : but, a moment's reflection will convince 
us that, by referring the moon's border to the adjacent 
stars, we obviate all errors not only of the clock, but also 
in the position of the transit instrument. 

For the solution of this problem, let us make^ 

/ = the difference (in sidereal time) of the transit of 
the moon's limbf and of the star previously 
agreed on, at the observatory situated most 
westerly; which will be positive when the star 
precedes the moon, or when the JR, of the moon 
exceeds that of the star; but, on the contrary, 
negative. 
r = the similar difference, at the observatory situated 
most easterly. 
(^— r) = the true observed difference in the JR of the 
moon's limbf for the time elapsed between the 
two observations ♦. 
c =s the apparent time (as shown at Greenwich f ) of 
the culmination of the moon, at the ^western ob- 
servatory. 
X = the apparent time (as shown at Greenwich) of 
the culmination of the moon at the eastern ob- 
servatory. 



^ If more than one star has been observed at both observatories on 
any given night, t and r must be taken equal to the mean o£ all the 
corresponding comparisons made at each observatory respectively. 

t Or as shown at Paris, Berlin, Milan or any other place for which 
the ephemeris is calculated, from which the computations are made. 
And this must always be understood, when Greenwich is alluded to in 
this manner. 
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a = J 's right ascension, in space ^ ^ j r 

° . . I computed for 

d :=z J *s true declination.* > , . 

r = J 's true radius, or semidiam. * J 

a = ]) *s right ascension, in space ■^ . i r 

, , ,. . ^ I computed for 

0= J s true dechnation* >, ^ 

^ = J*s true radius, or semidiam."^ J 

s = the length of the true solar day, expressed in 

seconds of time. 

m s= the moon's motion in M^ in half that interval, 

expressed in seconds of space : See page 246. 

^ = the assumed difference of longitudes in time : 

plus when west, and minus when east. 

(X+^) == ^® correct difference of longitudes. 

Find the apparent times, c and x, of the moon's culmina- 
tion, to the nearest mtnutef^ in order to compute d^ r and 

^ The true declination and semidiameter of the moon, are such as 
they are supposed to be ]£ seen from the centre qf the earth: in oppo- 
sition to the apparent declination and semidiameter, which some per- 
sons have erroneously imagined ought to be adopted. 

It may be sufficient to observe here, once for all, that (with a view 
to prevent confusion) the quantities connected with the eastern obser- 
vatory, are denoted by Greek letters : and that the similar quantities 
connected with the western observatory, are denoted by Roman letters. 

t The apparent time of the moon's culmination at Greenwich, to the 
nearest minute, may be seen in the Nautical Almanac : and the appa* 
rent time (at Greenwich) of its culmination on any other meridian may 
thence be easily deduced. Or, if the sidereal time is known, we may 
determine the Greenwich apparent time very nearly, by subtracting 
therefrom the sun's right ascension at Greenwich at the preceding 
noon ; and diminishing the interval by the acceleration of the fixed 
stars. Or, we shall have, in all cases sufficiently near for this purpose, 
the required interval c — x = [;c + (< — r)] x '99727 : where it should 
be observed that td-h (^— t)] X '99727 is equal to the time ;c-f-(^— t) 
diminished by the acceleration of the fixed stars for that interval. 

2i 




8, (, for thote approximate times respectively • i and thea 
make ' rij-ii : " u V ■:5-J 

A = (/ - t) d 

whidi i* ihe true observed difference in the JR of the moon's 
centre, for tlie time elapsed between the two observations: 
where the upper sign w to be taken when the first (or western) 
border of the moon is observed ; and the Imcer sign when 
the second (or eastern) border is observed f. Then, by 
assuming x "^'1"*' ^° ^^ presumed difference of longitude, 
and knowing the apparent time {at Greenwich) at one of 
tJie obsenatories to the nearest minute, we may determine 
the required apparent time (at Greenwich) at the other 
observaloryj by the following equation : 
. / ■ A\ 86*00 

Connote a and m fiw the respective tinwa e and ttXi ax- 



* It nu^ be uKfbl hen to raoBii that it it not Beenmry to deter- 
■UM with ttriet MGunc7 tho o&NAite value rf the moon't Mdtiluuneter 
at both obBervBtoriea, in ordv to find the value of A : for, tho values 
may be entimated (in most cases bj bspection) la whole seconds ml;, 
for one obwrvatory, and the correct <^iertnee*, in the given interval, 
bong added thereto, will give the proper values for die other observa- 
toiy. With respect to the declination, it may be taken to the nearest 
tea OT twenty seconds only. 

t These expressions are the Miae as those which are uted in my Paper 
on this subject, inserted in the Sad volume of the Memoir* i^ tie Aitra- 
nomkal Soeittyi where this subject is treated more at length. 

I It may here also be useful to remark that it is not neceuary to de- 
termine with strict accuracy the preciie Moment of the apparent time 
of the transit of the moon at both abBervatories, for the purpose of de- 
tenniaing a and ■»: for it will be sufficient to know the apparent time 
of the tiaiint of the moon to the nearest minute only, for one observE^ 
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recting the moim's motion, fbr third differences, if required. 
And the formula for the correction of the assumed differ- 
ence of longitude will be 

e = [l5A-(a-«)]^ 

which, bekig added to Xi ^^^ &^^ (X + ^) ^^^ ^^ t^^® 
difference of meridians required. 

It is evident that, if 15 A — (a — a) = 0, the value of % 
has been assumed sufficiently accurate, and does not re- 
quire correction. In fact, the difference will in general be 
very small: and, when this is not the case, we may justly 
suspect some error in the steps of the process. 



tory, and to find the correct difference of the apparent times, by means 
r.u ' f X .N 86400 

of the expression [x-\- A) . 

In fact, nothing more is required than to compute the true increase 
of the moon's M. during this given interval: «nd for this purpose Dr. 
Brinkley has suggested a very convenient rule, which is given in the 
first number of the Dublin Philosophical Journal, This distinguished 
astronomer has there shown that (a — «), as far as first differences only 

are concerned, may be expressed by (p^ + A) . A". — : leaving the 

equation of second differences (and of the third differences, if required) 
to be applied in the usual manner. 

Under this point of view, the problem admits of two cases : one 
where both the observations are made on the same side of noon or 
midnight ,* and the other where they are made on different sides. In 

2 

the former case, the expression (;^ + A). A".-, as far as Jirst differ" 

ences are concerned, will lead us to the correct solution, and will save 
much time and labour : but, in the latter case, it must be divided into 
two parts : viz. 

(IS** - «). A".- and [x+A - (12*-*)] . A'".-; 

and consequently becomes more intricate. In these expressions A" 
and A"' denote the successive first differences in the moon's motion in 
M; or the same quantities that are alluded to in p^e 103. 

2 I 2 
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Example. On December 5, \%Uj 

the difTerences in the culminatioii of the 

two stars 62 and 95 Tauriy at Port 

where the Expedition (for the disonreiy of a 2^ 

passage, under the command of CapC Panj) passed tk 

winter of 1824-25. Similar differeooes 

also at Greenwich. These differences, in 

were respectively as follow : 

at Greenwich at Port 

62 Tauri t = -|- 9"» 45S58 / = + 24- 53<^ 

95 T s= — 9 25 ,98 / = + 5 42 ,90 

what was the longitude of the place? 

For the solution of this question, we must first ^qaimp 
an approximate longitude. Now it appears fnmk some oo- 
cultatioiis of fixed stars, observed by Lieut Foster, that 
the longitude might be considered as 5**. 55^. S9^j5 west 
from Greenwich : but, for the sake of round numbers, I 
shall assume it equal to 5^ 65^. 40*. The operation there- 
fore will be as follows. 

Tlic mean of the two observations gives ^ = + 15*. 18*,44 
and T = -f- 0". 9%80 : consequently we have (^ — t) = 
•f 15". 8»,64; which being added to 5\ BS^. 40% and the 
sum diminished by the acceleration of the fixed stars 
during that interval, will give in round numbers 6**. 10" as 
an approximate value of the apparent time elapsed between 
the two culminations. 

By the Nautical Almanac it appears that the moon's 
centre passed the meridian at Greenwich at 11^. 35" : con- 
sequently the moon's Jlrst limb passed at IP. 34'°, at 
Greenwich; and at 17\ 44™ (Greenwich time) at Port 
Bowen. With these approximate values we find the de- 
clination and semidiameter of the moon, at those respective 
periods, as follow : 
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at ll** 34*n at \^^ 44"* 

g = 0° 15' 42" r = 0° 15' 44",39 

8 = 23 39 20 d = 23 53 30 

whence we find 

A= + 15".8S64 + yV(l'7'. 12",88-17'.8",41) = 15".8S938 

and the correct value of c, for the subsequent computa- 
tions, will be 

c = llh.34» + (5^ 55". 40« + 15". 8S938)fm§= 17^43^41 S67 

The moon's true right ascension must now be calculated for 

the apparent times x = 1 1'". 34" and c = l7^ 43". 41%67 * : 

whence we have 

a = 69° 53' 49",21 

a = 66 6 29 ,93 

(a — a) = 3 47 19 ,28 

15 A = 3 47 14,07 

15 A— (a — a) = — 5,21 

This remainder, being multiplied by ^ (= 2x7°.24'.?2" ) 
= 1*62, will give e = — 8%44: and the correct longitude 
will be (x + ^) = 5h. 55"^. 31S56t. 

Should the value of 15 A — (a — a) be considerable, it 
will show either that there is some error in the computa^ 
tion, or that the value of x has not been assumed suj£- 
ciently near. In the latter case, we must diminish e by 
the acceleration of the fixed stars during that interval, and 
apply the result to c as a new value for the computation of 
a. Thus — (8S44 — 0%02) = — 8%42 being added to c, 
will give 17'». 43". 33%25 as i;he correct time for which a 

* Or, at once, for the given interval; agreeably to the method pro- 
posed by Dr. Brinkley, as stated in the preceding note. 

t From a mean of 2\ eclipses of Jupiter's satellites, the longitude was 
found to be 5**. 55"™. 29\ 




For the c 

thU mctliod of Solution, I have computed tlie following 
tablfl of tlie vhIuc of^— : the argument of which is m^tbe 
moon'n motioD in M in Itf (rue solar hours; or the quan- 
tity which is actually employed, as fhcjinl difference, m 
computing the moon's place, for c or x, as the case may be. 
Tlio value of I it. In lliis table, assumed to be equal to 



Argumcnl. 


3lH 


diff. 


Argument. 


^•a 


Jiff. 


5" 0' 


2-1066 


•1U5 


6* 


SO' 


1-8513 






2-2921 


•1042 


(J 


45 


1-7827 




5 30 


2-1879 


■0951 


V 





1-7190 


•0592 


5 45 


20928 


•0873 


7 


15 


1-6598 








'0802 




ao 


I -6044 








■0740 


7 


+5 


1-5527 










8 





1 -5042 





The following table will also be coavenient for deter- 



mining the logarithm of the value of— 



. The argument 



• All thew values of a anti a have been corrected for thwd differ- 
ences: which diminifh the value ofa — « atmut 0",d. 
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is the increase in the sun's M. in 24i^ ; which is found from 
an ephemeris, by taking the difference in the M, of the sun 
for two successive days. 



Argument 


Logarithm of 

86400 

s 


Diff. for 
seconds 


m ~8 

3 30 


9-9989457 


l'= «050 


3 40 


9-9988955 


2 = «100 


3 50 


9-9988454 


3 = 450 


4 


9-9987953 


4 = «200 


4 10 


9-9987451 


5 = '250 


4 20 


9-9986950 


&c &c 


4 30 


9-9986449 





Problem VllL To determine the apparent obliquity 
of the ecliptic, from observations of the sun made 
near the time of the solstices : and thence the 
mean obliquity at the beginning of the year. 

The observations necessary for the determination of this 
problem are always made a few days previous and subse- 
quent to the day of the solstice ; and consist of meridional 
observations of the sun's altitude, or zenith distance, which 
must afterwards be cleared of refraction and parallax. 
These observations are made either at the time of the sun's 
passing the meridian, or a short time before and after 
that period, and reduced thereto by the methods already 
explained in Problem V. The declination of the sun's 
centre at the time of observation being thus deduced from 
the formula D = (L — Z), we may determine the correc- 
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tion that ought to be applied thereto, in order to express 
the obliquity of the ecliptic, from Formula XX in page 94, 
since the true value of the obliquity is always very nearly 
known. When the right ascension and declination are de- 
termined by the same instrument, we may make use of 
No. I. But in other cases we shall find the correction suf- 
ficiently near as follows : viz. 

X = 13",634.7 8*- 0",00054. 8* 
where S denotes the distance of the sun's true longitude 
from the solstice, at the time of observation, expressed in 
degrees and decimal parts of a degree ; and which may be 
found by an ephemeris. 

Example. On June 25, 1812, by an observation of the 
sun on the meridian at Greenwich, it was found that the 
zenith distance of the centre, cleared of refraction and pa- 
rallax, was 28**. 4f'. 1": what was the correction which 
ought to be applied to the declination of the sun, in order 
to deduce the apparent obliquity of the ecliptic at that 
time : and what was the mean obliquity at the beginning 
of the year? 

The assumed latitude of the place being 51°. 28'. 40" we 
have the declination at the time of observation equal to 
51°. 28'. 40" - 28°. 4'. 1" =23°. 24'. 39". By the Nauti- 
cal Almanac, the true longitude of the sun on that day, at 
noon, was 93°. 40'. 33"; consequently by Table XXXVIII 
8 = 3°*6758 : and the operation will stand thus : 

logarithms. 

3-6758 = + 0*5653519 

(3-6758)« = + 1-1307038 

13-6347 = + 1-1346456 

+ 3'. 4",225 = + 2-2653494 

(3-6758)* = + 2-2614076 

— -00054 = — 6-7323938 

— 0",099 = — 8-9938014 
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aiid the correction will be 3'. 4",23 — 0",10 = 3'. 4",13: 
whence the apparent obliquity at the solstice will be 
23°. 27'. 4j3",13. In this computation no notice has been 
taken of the latitude of the sun, which must be computed 
from the solar tables^ and applied with a contrary sign, to 
the apparent obliquity above deduced. In the present case, 
the latitude of the sun is + 1",00 : consequently the correct 
apparent obliquity is 23°. 27'. 42", 13. 

The apparent obliquity being thus obtained we may 
readily deduce the mean obliquity at the beginning of the 
year, by the help of Tables XXI and XXII. The mean 
place of the moon's node being 423, we have in Table XX, 
opposite thereto, — 8",21 ; and in Table XXII against 
the given date we have — 0",76. But those Tables having 
been formed for the purpose of determining the apparent 
obliquity from the mean obliquity, the quantities must be 
applied with a contrary sign, in order to obtain the mean 
obliquity from the apparent : consequently we have, at the 
beginning of the year, the 

mean obliquity = 23°. 27'. 51 ",10. 

Problem IX. To determine the apparent equinox, 
from observations of the sun made near the time 
of the equinoxes. 

Observations similar to those alluded to in the preceding 
problem, made a few days previous and subsequent to the 
equinox, will enable us to determine tlie precise time at 
which the sun is at that point For the declination of the 
sun being found from the observed zenith distance as therein 
stated, we must correct the same for the latitude of the sun, 
in the following manner. Let D be the declination, de- 

2 K 
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daced as above, and let !> be the true declination : thai 

we shall have TV = D — / ^^^ 

*cosD 

where / denotes the latitude of the sun (minus when south] 
and CO the apparent obliquity of the ecliptic The true de- 
clination of the sun being found, we may determine the 
longitude by the following formula: 

sin O = -T 

sm» 

which being compared with the tables of the sun, will 
show if there is any error *• As the determinatipn of the 
equinoxes depends on the correctness of the latitude of the 
place, it is desirable that the observations should be re- 
peated at the opposite equinoxesj^ in order that the errors 

m 

may destroy one another. 

Problem X. To determine the correct place of the 
moon from an ephemeris, by means of differences. 

The place of the moon is usually given in an ephemeris 
for apparent noon and for apparent midnight: but her 
motion is so variable that her place cannot be accurately 
determined for any intermediate time without the help of 
second^ and sometimes of thij'd differences. In the annual 
volumes of the Nautical Almanac there is given a table of 
second differences^ by -the help of which this problem is 
usually solved. But as third differences may sometimes be 
wanted, I have adapted the whole to logarithmic computa- 
tion, by means of Table XXVI. In order to use this 
table, we must find the first, second and third differences. 



* As the declination, in these cases, is always a small quantity, we 
have the longitude of the sun with considerable accuracy; even if the 
obliquity is not well determined. 
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in the manner pointed out in the Nautical Almanac : and 
to .the logarithms of those differences (taking the mean of 
the two second differences) add the respective logarithms 
in the Table. The natural numbers thence resulting (due 
regard being had to the signs) will be the total correction 
to be applied to the moon's place in the usual way. 

Example, What will be the true right ascension and de- 
clination of the moon on March 3, 1828 at 7**. 10™ p.m. 
apparent time at Greenwich ? 

By proceeding agreeably to the instructions in the Nau- 
tical Almanac, we have 



For the Right Ascension 



II 



Mar. 2. Midn.= 175 38 34? 

3. Noon = 181 38 14 

3. Midn.= 187 42 4 

4. Noon = 193 51 2 



1st diff. 


Suddiff. 


O 1 II 




-f 5 59 40 


1 II 
+ 4 10 


+ 6 3 50 


+ 58 


-f 6 8 58 





3rd diff. 



// 



+ 58 



Mar. 2. Midn.= 
— 3. Noon = 

3. Midn.= 

4. Noon = 



For the Declitiation 

■0 56 11 

-2 59 8 

•5 1 

-7 23 



O / II 




2 2 57 


/ // 




+ 15 


2 I 52 






+ 2 29 


1 59 23 





I II 
+ 1 24 



The operation will consequently stand thus : 
For Right Ascension 

logarithms. 

+ 6° 3' 50" = + 4-3390537 



Tabular factor = + 9-7761360* 
+ 3° 37' 17",4 = + 4-1151897 



For Declination 

logarithmi. 

— 2° 1' 52" = — 3-8640362 
factor = + 9-7761360 

- 1° 12' 46",9 = — 3-6401722 



7*. 10" 

• This factor has been computed from the expression ' agree- 
ably to what has been stated in the note to page ^5. 

2 K 2 
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+ 1' 47" = + 2-0294 
factor = — 9*0802 



- 12'',9 = - 1-1096 

+ 1' 24" = + 1-9243 
factor = — 7'5908 

— 0",3 = — 9-5151 
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logarithms. 

+ 4' 39" = + 2-4456 
Tabular factor = — 9-0802 

- 33",6 = — 1-5258 

+ 58" = + 1-7634 
Tabular factor = — 7-5908 

— 0",2 = — 9-3542 

The correction in M will therefore be + 3<>. 36'. 43",6, 
and the correction in declination — 1°. 13'. 0",1 : conse- 
quently the true place of the moon will be as follows : 

iR = 181° 38' 14" + 3° 36' 43",6 = 185° 14' 57",6 
D = — 2 59 8 — 1 13 0,1 = —4 12 8,1 



Problem XI. To determine the moon's parallax. 

The parallax of the moon differs at every point of the 
earth's surface. No general tables therefore can be given 
adapted to the situation of every observer. The latitude of 
the place, the position of the moon (not only in her orbit, 
but as seen from the earth), the hour of the day, and the 
assumed compression of the earth, are so many varying 
elements in the computation, that I have always found it 
much less laborious to calculate the values from the for- 
mulae, than to make use of any tables not computed for the 
exact place of observation. 

The most convenient formulae are those given in pages 
98 — 100: and in the computation of occultations I prefer 
calculating the parallax in right ascension and declination^ 
to that of longitude and latitude; not only because the 
latter involves the computation of the nonagesimal (a 
tedious and useless operation), but also because the posi- 
tions of the stars are given in right ascension and declina- 
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tion in the catalogues, and therefore require no further 
conversion, when considered as in conjunction with the 
moon. In the computation of solar eclipses, either method 
may be adopted. But, whichever mode is pursued, the 
method of series will be found the most convenient; and not 
so liable to error as the other methods : or, at least, any 
mistake of the pen is soon detected, and may be easily 
rectified without disturbing any material part of the pro- 
cess. If we wish for a near approximation only, we may 
stop at the first term of the series : and, in no case need 
we extend it beyond the third term. 

Example. Let the reduced latitude of the place be 
48**. 39'. 50" ; the horizontal parallax of the moon, at that 
latitude^ 54?'. 2", 5 * ; the horary angle at the pole (or the 
correct sidereal time minus the moon's true right ascension) 
converted into degrees &c, equal to 58°. 43'. 50"; and the 
true declination of the moon at that time, + 4**. 49'. 44". 
What should be the parallax of the moon in right ascen- 
sion and declination ? 

This is the same example as that given by M. Delambre 
in his Astronomie, Vol. I, page 376 and 379; and the solu- 
tion, by means of the series No. 4 in Formulae XXVI and 
XXVII, will be as follows : 



* The reduced latitude is equal to the observed latitude minus the 
angle of the vertical^ which angle is determined by Formula XXI in 
page 95, or may be seen in Table XXIV, if the compression is assumed 
equal to y^^T' ^^^ ^^^ horizontal parallax at the place is determined 
by multiplying the horizontal parallax at the equator by (1 — «.sin*L) 
as stated in page 95 : or it may be found by adding the logarithm of the 
horizontal parallax at the equator to the ^logarithm which in Table 
XXIV is set against the given latitude, if the compression be assumed 
equal to ^^^. 
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For the parallax in Right Ascoision 

logutthmf. 

j[> = 0° 54' ^^S sin = +8*1964S69 
L = 48 39 50 cos = +9-8198564 

+ 8-016293S 
D = 4 49 44 cos = + 9*99845^7 

sinP= 58° 43' 5(y= +9-9318319 a = +8-0178376 

sin 2 P = 1 1 7 27 40 = + 9-9480822 a«= +6-0356752 

sin3P = 176 11 30 =+8-8222925 «■= +4-0535128 

a =+8-0178376 

sinP =+9-9318319 

comp. sin 1" = +5-3144251 

+ 30' 36",939 . . . . = + 3-2640946 

tf* =+6-0356752 

sin2P rs +9-9480822 

comp. sin 2" =+5-0133951 

+ 9'',935 .... =+0-9971525 

fl» =+4-0535128 

sin3P =+8-8222925 

comp. sin 3" =+4-8373039 

+ 0",005 .... =+7-7131092 

whence, since the quantities are all positive, the parallax in 
right ascension is + 30'. 46",879 *. 

If we denote the apparent right ascension of the moon 
by jJl*, and her tme right ascension by M}, we shall have 

JRa = iR^ + n 
where n is the computed parallax in right ascension. This 
parallax will be a positive quantity when the moon is on 



• We here see that the first term gives a very near approximation, 
and that the third ^erm is almost insensible. 
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the ivest side of the meridian : but when she is on the east 
side, it will be negative ; because P will then be negative. 

For the parallax in Declination 

logarithnu. 

* COS (P + i n) = 58^ 59' 13" «= +9-7120040 
cotL = 48 39 50 = +9-9443044 

+ 9-6563084 
cos in = 15 23 =+ 9-999995 Y 

coib zs 65 37 8 =+9-6563127 



sin;? = 54 2,5 = +8-1964369 
sinL = 48 39 50 =+9-8755520 

+ 8-0719889 
sin 6 = 65 37 8 =+9-9594325 

(ft— D)= 60° 47' 24"= +9-9409331 c = + 8-1125564 

2(ft— D) = 121 34 48 =+9.9303936 c^= +6*2251128 

S(ft— D) = 182 22 12 =—8-6165019 c»= +4-3376692 

c =+8-1125564 

sm (ft - D) = + 9-9409331 

comp. sin 1" = +5-3144251 

+ 38'53",005 .... =+3-3679146 

c« = + 6-2251128 

sin 2 (ft - D) = + 9-9303936 

comp. sm 2" = + 5-01 3395 1 

+ 14",754 .... = + 1-1689015 

c» =+4-3376692 

- sin 3 (ft — D) = -8-6165019 

comp. sin 3" = +4-8373039 

— 0",006 .... =—7-7914750 
whence the parallax in declination will be 39'. 7",753. 

* This logarithm is taken out erroneously in M. Delambre's example ; 
which will account for the slight difference in our results. It may be 
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If we denote the apparent declination of the moon by 
D* and her true declination by DS we shall have 

D» = D' — tff 

where «r is the computed parallax in declination. It should 
be remarked that when the declination of the moon is souths 
D is a negative quantity, and must be treated as such in 
the algebraic operations: consequently -bj will, in such 
case, increase the declination. 



Problem XII. To determine the aberration, and 
lunar and solar nutation of a star, by the general 
tables of M. Gauss. 

These tables are given in pages 174 — 177: and, in 
order to show their use and application, take the following 

Example. What is the amount of aberration and nuta- 
tion, in Right Ascension and Declination, of Aldebaran on 
May 11, 1827, at noon? 

The right ascension of this star, expressed in degrees &c, 
is 66°. 30', and its Declination + 16°. 9': and we have, on 
that day, © = 49^ 59', and Si = 224°. 10'. By referring 
therefore to the formula in page 207, the operation will be 
as follows : 



here useful to state that astronomers formerly used to compute the 
parallax in declination and latitude without employing the value of 
^ n : which certainly rendered their formulae more convenient. But, 
by neglecting this quantity, we may cause an error of 8 or 10 seconds 
in the parallax in declination and latitude. The parallax in declination 
cannot be correctly known without previously computing the parallax 
in right ascension : a similar remark holds good with respect to the 
parallax in latitude and longitude. 
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For Right Ascension 

= + 49^59' 
by Table XXVIII A = + 2 25 

— jR = - 66 30 


* 


- 14 6 
D = 4- 16 9 
by Table XXVIII 


iogantniiuk 

cos = -f 9-9867 

sec = + 0-0175 

— fl = - 1-2918 



Aberration = — 19",77 = — 1-2960 
5i = + 224 10 



by Table XXX . B = - 8 17 

— jR = — 66 30 



+ 149 23 cos s= — 9-9348 

+ . 16 9 tan = + 9-4618 

— J = — 0-9315 



+ 2",12 = + 0-3281 
by Table XXX . . . . c = -f H ,52 

Solar Nut. by f-^ 1 ,01 
Table XXXI L- ,09 

Nutation = + 12 ,54 

Consequently the correction for aberration and nutation in 
Right Ascension is - 19",77 + 12",54 = - 7",43. 

For Declination 

logatithnu. 

(O 4- A — uR) = - 14° 6' sm = — 9-3867 

D = + 16 9 sin = + 9-4443 

— a = — 1-2918 



by Table XXIX . • {_ 3 ' 



+ 1",33 = + 0-1228 
- 1 ,63 
34 



Aberration = — 3 ,64 
2l 
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iQgaritbnlis. 

sin 149° 23' = + 9-7070 
— 6 = — 0-9315 

— 4j",35 = — 0-6385 

by Table XXXI - 0,26 

Nutation = — 4 ,61 

CSoxisequently the correction for aberration and nutation in 
Peciination is - 3",64 - 4",61 = - 8",25. 

Problem XIII. For determining the corrections to 
be applied to observations with the transit instru- 
ment. 

It is well known that observations with the transit in- 
strument are subject to three principal errors arising from 
the three following sources: viz. 1° from a deviation of the 
instrument in azimuth ; 2^ from an inclination of the axis ; 
and 3^ from an error in the line of coUimattion. There is 
also the error of the clock, which is usually the most im- 
portant. Formula XXX V in page 108, shows the whole 
of the corrections to be applied to the observed time of the 
transit of a star, in order to obtain the true right ascension. 
The values of at, i, c, there given, are best determined by 
the methods pointed out in Formula XXXVI, and which 
are detailed more at length by M. Littrow in the Memoirs 
of the Astron. Soc. Vol. I, page 273. For a fixed observa- 
tory, it would be convenient to have a table made of the 

, ^ sin (<p — S) ^ cos (^ — 8) , r. I c 

value of — ^^— =; — 'i of ^^— ^^ — - apd of ^ for every 

coso coso cos 8 ^ 

degree of declination : by means of which the corrections, 
to be applied to the observed transit would be seen almost 
on inspection, and rendered less liable to error. Such a 

table of the value of ^^ ^ — -' would also facilitate very 

cos ^ 



Problems. 259 

much the method of determining the amount of the devia^ 
tion in azimuth by means of a high and low star. For if 

we assume the tabular value of — ^2_^ — I — fi ^nd the ta- 

cos ' 

bular value of another star, whose declination is y, equal 

sin (ip — 8') ■ 1 11 t 1 cos S'.cos 5 

— ^^^—^ — - = »', we shall have r= t—j^ — 5^^ : 

- cos 8' n^rv cos(p.sm(y — 8) 

which is the factor adopted in the formula in page 109 for 
determining the amount of the deviation in azimuth. 

Example. On May 19, 1822, the transit of Sirius was 
observed at 6\ 37™. 55S97 by the clock, at Breda in Hun- 
gary, situated in N. Lat. 4?7°. 29'. 44?" : the clock being too 
fast 36S55 ; and the three principal errors of the transit 
instrument being a= — 0%77*, 6= — 0%!!, and c=— 0*,16. 
What are the corrections to be applied to the observed 
time, in order to get the true right ascension of the 
star? 

The declination of Sirius being — 16®. 28' 40", we have 
(-p — 8) = 63°. 58'. 24", and die operation will 3tand 
thus f : 

logarithms. 

sin 63° 58' = + 9-9535 
cos 16 29 = -f 9-9818 

+ 9-9717 
a = - -77 = - 9-8865 



— .72 = — ^-8582 



* The error in azimuth (which is one of the most frequent errors) 
may be deduced either from a circumpolar star, or from a high and low 
star; as stated in page 109. See the list of Errata. 

t The declinations, and the differences of latitude and declination, 
may be taken out to the nearest rmnute only : and /owr places of loga- 
rithms will be sufficient. 

2l2 
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cos 63^ 5S' s + 9-6424 
cos 16 29 s + 9-9818 

+ 9-6606 
( = - -11 =s — 9*0414 

— -OS s — 8*7020 

comp. cos 16** 28' 40^ = + 0*0182 
c = — *16 = — 9*2041 

— -17 = — 9-2223 

Consequently the apparent right ascension of the star will 

be 

6* 37" 55S97-36*,55— O»,72-O»,O5-0»,l7=s6^ 37" 18%48. 



Problem XIV. To compute a table of Altitudes 

and Azimuths. 

In all observatories, where an altitude and azimuth in- 
strument is used, it is extremely desirable to have either a 
general table of altitudes and azimuths, or a table adapted 
to some particular stars ; in order that we may be able to 
find such stars at any given hour of the day. The best 
mode of forming a table of this kind, for a fixed observa- 
tory, is by means of Formula XIV in page 88 : since 

cosi(4''-»A) , sini(4^<-, a) ^ ^ .. - 

'), , .: and . i), . .( are constant quantities for 

cos ^{if + A) sm i (4^ H- A) ^ 

each star ; and the only variable quantity for the azimuths 

will be cot i P. 

Thus, assuming the north polar distance of Polaris to be 

1^ 38', and the colatitude of the place 38°. 31'. 20", we 

have the logarithms of the following quantities : viz. 
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logarithmi. 

cosi(^c-, A) _ COS 18° 2& 40'^ = + 9-9770973 
cos i (\^ H- A) ■" cos 20 4 40 = H- 9*9727708 

constant = + 0*0043265 

sin^(^^c, A) _ sin 18° 26^ 40 ^^ = + 9*5002159 
sin \ [^ + A) "" sin 20 4 40 = + 9*5356680 

constant = + 9*9645 1-79 

Each of these constant logarithms, being added to the 
logarithm of cot \ P, (where P must be taken equal to such 
intervals as may be required) will give the logarithms of 
the tangents of the sum and differ ence of two arcs A and V: 
whence we obtain the value of A alone *• 

The value of the azimuthal angle being thus found, we 
may deduce therefrom the zenith distance of the star, by 
means of the other formula in page 88. 

Example. The colatitude of the place, and the north 
polar distance of the star being as already stated, what are 
its altitude and azimuth at the distance of S^. 15<" from the 
meridian? 

The arithmetical operations, for the solution of this 
question, will stand thus : 

P = 3»» 15" = 48° 45' 0" 

logarithmf. 

^P = 24 22 30 cot = + 0*3438116 

constant = -|- 0*0043265 
i (A + V) ss 65"" 5Ql 20" tan = + 0*3481381 

as abpve cot = + 0*3438116 

constant = -|- 9*9645479 

i (A t^ V) = 63° 49' 11" tan = + 0*3083595 

Consequently eS"". 5Ql. 2Ql^ — 63°. 49'. 1 1" = 2°. 1'. 9" will 
be the azimuth, 

* It should have been stated at the bottom of page 88 that, when i^ 
is greater than A, the difference of the segments will be equal to A^ and 
the sum of thera equal to V. See the Errata, 



262 Problems. 

logaiithmf. 

As l"" 38' 0" sin = + 8*4548934 
P = 48 45 sin = + 9*8761253 

8*3310187 
A=52 111 sin=i:+ 8*5470791 

Z = 37 26 55 sin a- 9*7839396 

and 90° - 37°. 26'. 55" = 52°. 33'. 5" will be the altihide 
at that hour angle. 



Problem XV. To compute the right ascension and 
declination of a heavenly body, from its longitude 
and latitude : and vice versa. 

In the case of the suuy this problem is solved by means 
of Formula XII in page 86 : and in case of the moon or a 
siuKf we must have recourse to Formula XIII in page 87. 
In all these cases the obliquity of the ecliptic is presumed 
to be known. 

Example 1. The sun's longitude on Oct. 7, 1825, was 
193°. 54'. 39", and the apparent obliquity of the ecliptic 
23°. 27'. 43": what were his right ascension and declina- 
tion? 

logarithms. 

O = 193 54 39 tan = -I- 9-3938833 
CO = 23 27 43 cos = + 9-9625231 



= 



^ 3192 48 1 tan = + 9-3564064 



12\51°». 12%07 

O =5 193° 54 39" sin = — 9*3809554 

0) = 23 27 43 sin = + 9-6000357 

D = — 5 29 34 sin = — 8-9809911 

Example 2. On the same day, the moon's longitude at 
noon was 131°. 46'. 33", and her latitude — 4°. 19'. 8": 
what were the right ascension and declination ? 
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logurithmB. 

L = + 131° 46' 33" sin = + 9-8725974. 
/ = — 4 19 8 cot = — 1 -1219270 

a = — 5 46 57 cot = — 0*9945244 
CO = + 23 27 43 

(a + o)) = + 17 40 46 cos = + 9-9789883 
L = + 131 46 33 tan = — 0-0489810 

— 0-0279693 
a = — 5 46 57 cos = + 9-9977845 

-3 ^ 46 59 22 tan = — 0-0301848 

.ax 



-\ 



133 38 



^ = + 133 38 sih == + 9-8640528 

(a + co) = + 17 40 46 tan = + 9-5034440 

D=+13 7 12 tan=+ 9-3674968 

The right ascension is always in the same quadrant as 
the longitude: and the rule of the signs will indicate 
whether the declination be north or south. 



Problem XVI. To determine the height of moun- 
tains by means of the barometer. 

For the determination of this problem, observations of 
the barometer and thermometer must be made at the foot 
of the mountain, at the same time that corresponding ob- 
servations are made at the top of the same. The difference 
in the height of the stations of the two observers may then 
be determined by means of Table XXXVI in page 183. 
agreeably to the rule there given. 

Example. M. Humboldt made the following observa- 
tions on the mountain of Guanaxuato in Mexico, in lati- 
tude 21°: viz. 
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upper station . lower station 
Therm, in open air . . . ? = 70"4 t = 77*6 

Therm, to barometer . . t' = 70*4 t = 77*6 

Barometer ....... |3' = 23-66 /3 =s S0'05 

what was the difference in the height of the two stations ? 

By referring to the formula at the bottom of Table 
XXXVI, the operation will stand thus : 

B = 0-00031 
log jS' =s 1 -374.01 

1*3 7432 
log (3 = 1-47784 

D = 040352 log = 9-01502 

c= 0-00087 
A = 4-81940 



6843-7 = 3-83529 

Consequently the difference in the altitudes of the two 
stations was 6843-7 English feet. This differs from the 
values given by the tables of M. Oltmanns and M. Biot : 
but the variation arises from the slight difference in the co- 
efficients employed. 
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The preceding work has now been printed about two 
years, and several copies have, during that interval, been 
in the hands of various astronomers, both in this country 
and on the continent My object in thus distributing them 
was not only to ascertain what errors might be discovered 
in the Tables and Formulae, prior to a more general cir- 
culation of the work (as I was anxious to submit it to the 
public as faultless as possible), but likewise to obtain from 
those astronomers, who have honoured me with the perusal 
of it, their opinion as to the propriety or advantage of en- 
larging it by the addition of other Tables and Formulae, 
that might be considered of general use, and as coming 
within the original intention which I had in view. 

The result has been a variety of hints and suggestions 
for the improvement of the work : some of which are made 
available by means of the present Appendix ; but others 
must remain for future consideration and adoption, as they 
could not well be incorporated with their corresponding 
subjects, in the proper places. The new Tables and For- 
mulae, that have been introduced, are the following. 

Table XVI in page 150 was originally given for the 
equation of equal altitudes of the sun, in order to find the 
time of noon only. This was founded on the supposition 
that the observations are made (as is usually the case) 
before noon and after noon of the same day. But it fre- 
quently happens that these observations are interrupted by 
the weather: nevertheless, it oftentimes occurs that we 

2 M ^ 
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may be able to unite a series of observations made on the 
preceding afternoon, with a series made on the following 
morning, and thus deduce the time of midnight; which in 
many cases will be found extremely convenient and useful. 
This Table therefore has been enlarged with that view, by 
means of the additional pages 153* to 15S*. I am indebted 
to Dr. Tiarks not only for this suggestion, but also for the 
Table itself, which is printed from his manuscript. This 
addition has rendered it necessary to reprint the Formula 
(XVIII) in page 92; and to cancel the leaf containing the 
old one. 

An easy and expeditious mode of comparing the French 
and English measures, within the ordinary range of the 
barometer^ has frequently been found useful and requisite. 
I have therefore inserted a new table for that purpose; 
being Table XLIV in pages 194, &c. This has rendered 
it necessary to reprint not only Table XLIII, but also the 
Explanation in page 215, and to cancel the former leaves 
accordingly. 

Table IV has been reprinted in consequence of my 
having inadvertently omitted to include in the computa- 
tion, the value depending on sin 2 ft. And Table XXXIV 
has been reprinted in consequence of the detection of se- 
veral errors, arising principally from the adoption of a 
false logarithm. The leaves therefore containing these 
Tables must be cancelled, and the new ones inserted in- 
stead. I have considered this the most convenient and 
expeditious mode of rectifying the error : less troublesome 
to the reader, and less unsightly to the work itself, than 
indicating in the list of errata the corrections to be made 
with the pen. 

Amongst the Formulae I have inserted three new ones. 
One for computing from the ephemeris the true distance of 
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the moon from a star; being XL VII in page 120: and 
another, being XL VIII in page 119*, for computing the 
same from observation. This latter is Borda's method of 
working a lunar^ as it is technically called : and I believe 
will be found to be the most simple and correct of all the 
various modes of solving this useful problem. The For- 
mula XLIX in page 120* contains the rule of the signs in 
the trigonometrical analysis. The introduction of these new 
Formulae has rendered it necessary to reprint page 119, 
and to cancel the old one ; as well as to reprint a portion 
of the Table of Contents, in order to accommodate it to 
these improvements. 

I have also taken this opportunity of reprinting the 
Formula XXXVIII in page 111; as there appear to have 
been some unaccountable errors made in copying it out for 
the press. 

Such are the Additions which I have thought it neces- 
sary to make to the preceding part of the work. I shall 
now allude to some other points which will more properly 
form a portion of this Appendix. 

New Solar Tables. 

In consequence of the singular discordancies between 
the place of the sun, as computed from the best solar 
tables, and its true place as actually observed and pointed 
out by Mr. South in the Phil. Trans, for 1827, the atten- 
tion of various astronomers has been directed to that sub- 
ject, with a view to a solution of the difficulty. . Amongst 
these, Professor Airy and Professor Bessel have most di- 
stinguished themselves by their very laborious and minute 
examination of all the points that bear on the subject : and 
the result of this severe and rigid inquiry has led to the 
proposal and adoption of various corrections in the solar 
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tables, which it is presumed will tend to remove the dis- 
crepancies hitherto observed. The following are some of 
the conclusions drawn from M. BessePs investigations, as 
inserted in Schumacher's Astran. Nack. No. 133 and 134. 

At mean noon at Greenwich 
on Jan. 1, 1801. 

Mean longitude of the sun 280"" 39' 13^17 

Longitude of the perigee 279 31 9,91 

Eccentricity -0167918226 

Mass of Venus 4,o\&^ 7 

Mass of Mars vTshrrr 

Sidereal revolution ") ^^^ ^^^«*^^ ^ , »^ «^,.h >r.h ^« ,^. ^,. 

> . 365.256S744«17=S65*' 6* 9" 10S75 
of the sun .... J 

Tropicalrevolution| gg^2^222^^j3^3g^ 5 48 47,81 
of the sun .... J 

The principal corrections therefore to be applied to the 

solar tables of Delambre will arise from the alteration in 

the epoch o£ the mean longitude and in the longitude of 

the perigee : the former of which is increased 2^,65 *, and 

the latter 65". 

In order to accommodate Table III to these corrections, 

we must add 

0%177 +3^ X 0S0084 

to the respective values there given. Thus the year 1880 
will be 2™ Sl%105 instead of 2"» 30S676. 

Mr. Airy makes these corrections equal to +5",06J for 
the epoch 1821.5, and +46", 3 for the perigee: each mea- 
sured from the equinoctial point adopted by Mr. Pond in 
1826. At the same time he states that the greatest equa^ 

♦ The proper quantity is 2",90 : but M. Bessel makes it 2" fib only, 
because he proposes to take the constant of aberration 20",25 instead 
of 20", 00, as assumed by Delambre. 
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tioii of the centre ought to be diminished by Qf^fi^ ; the 
mass of Venus reduced in the proportion of 9 to 8 nearly; 
and the mass of Mars in the proportion of 22 to 15 nearly. 
He considers the irregularity in the motion of the perigee, 
and of the equation of the centre, as depending on a new 
expression which he has introduced, involving the longi- 
tudes of the Earth and of Venus ; the period of which is 
24?0 years. See Phil. Trans, for 1828, Part. I. Mr. Airy's 
corrections for 1829 are given in the Supplement to the 
Nautical Almanac for that year. 

Other 7iew Elements. 

Since the preceding pages were printed, M. Bessel has 
also re-investigated the subject of the precession <^ the 
equinoxesj and has deduced the following results, which 
slightly differ from those inserted in page 104. 

P = 5(y',37572 - &c. 

p = 50,21129 + &c. 

m = 4^ ,02824 -f &c. 

« = 20 ,06442 — &c. 

It is from these values that Table XXVII was computed: 

with this exception, that the value of n was erroneously 

taken by M. Bessel equal to 20",oei75. 

According to the latest observat;ions of Professor Stmve,. 
with the great Dorpat telescope, he makes the axis of the 
poles oi Jupiter to the diameter of the equator, as 35", 538 
to 38",3^7 : whence the compression is = '0728 or yy.yT. 
The same distinguished astronomer makes the diameters 
of Jupiter's satellites to be as under : viz. 

I = 1",015 
II = 0,911 

III = 1 ,488 

IV = 1 ,273 
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Professor Struve has also given us the following measure- 
ments o{ Saturn* s ring^ reduced to the mean distance of the 
planet: viz. 

Outer diameter of the outer ring. . . = 40", 095 



Inner diameter of ditto . . 
Outer diameter of the inner ring 
Inner diameter of ditto • . 
Ek}uatoriaI diameter of Saturn . 



. = 34 ,475 
. = 26 ,668 
. = 17,991 



Whence we obtain the 

Breadth of the outer ring • 2",403 

' of the space between ,407 

. of the inner ring 3 ,903 

Distance of the ring from Saturn 4 ,339 

Equatorial radius of Saturn 8 ,995 

See the results of M. Struve's measurements of Jupiter 
and Saturn in Schumacher's Ast. Nach. No. 139: which 
are more correct than those in No. 97. 

He makes the inclination of the ring to the plane of the 
ecliptic equal to 28° 5' 54". 

It has been recently stated by many of the continental 
astronomers that the body of Saturn is not exactly equi- 
distant from the ring : and some late observations seem to 
confirm the opinion. The difference however is scarcely 
perceptible even with the most powerful telescopes. 

Aberration of a Planet. 

There is a very simple formula, for determining the 
aberration of a planet, given by Delambre in his Astro- 
nomie, vol. 3, page 106; which, in consequence of the great 
improvements recently introduced into the Berlin Ephe- 
meris (to which I shall more particularly allude in the se- 
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quel), admits of a very ready and easy solution* Let us 
make 

A = the distance of the planet from the earth. 

jtt = the daily geocentric motion of the planet, expressed 
in seconds of space, either in Right Ascension or 
Longitude, Declination or Latitude : minus (in the 
first two cases) when the motion is retrograde^ and 
also (in the last two cases) when the motion is to-^ 
wards the south, 

t = the time which light takes to come from the sun to the 
earth, expressed in minutes : assumed = 8*263. 

then will the aberration {a) be equal to 

« = — TTTT^ X A = — -0057382 X A ft 
1440 

Now, since the logarithm of '0057382 is equal to 7*7587753, 
and as the logarithm of A is given in the new Berlin Ephe- 
meris, we have only to seek for the logarithm of jw. in th^ 
tables : and the sum of the three logarithms will give the 
logarithm of the aberration required. 

The logarithm of A will also enable us to determine the 
parallax of the planet^ since we have only to deduct it from 
the logarithm of the sun's mean parallax (=0'9333658), 
and the remainder will be the logarithm of the parallax of 
the planet. 

And as the semidiameter is always in a constant ratio to 
the parallax, we may likewise deduce this quantity by 
means of a similar constant for each planet. 

Augmentation of the Moon's semidiameter. 

Mr. Henderson of Edinburgh, a gentleman well known 
for his zeal in the cause of science, and for his excellent 
judgment and skill in the various branches of astronomy^. 

2 N 
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has pointed out an error in Formula XXVIII» page 101^ 
into which I have fallen, by following too closely the stq» 
of Delambre *. It appears that, in the first Formula here 

alluded to, the quantitjr + -x ('00001 7767)' has been omitted 

by almost every writer on the subject, except it be Mayer. 
Its value varies from 0",!! to 0",16 according to the dia- 
meter of the moon. It is indeed alluded to by Delambre 
in his explanation of Table XLIV of BUr^s Lunar Tables; 
and he remarks that the semidiameter of the moon, seen at 
die horizon, will be greater by this quantity than when 
seen from the centre of the earth. But the Table is formed 
without this assumption : so that where great accuracy ia 
required we must add this quantity to the tabular values. 
There can be no good reason why this expression should in 
future be neglected. The reader will supply the omission 
in Table XXV of the present collection, by annexing the 
proper constant to the heiad of each column. 

« 

Circum-mei'idian observations of the sun. 

In Formula XIX, page 93, for the Reduction to the me-- 
vidian^ it is well known that when the sun is the object 
observed we must take into account the change of declina- 
tion during the interval of the observations, Thii3 may 
sometimes prove troublesome ; but, by the help of the fol- 
lowing short table, a great deal of the labour may be saved. 
This table merely shows the change in declination, in on^ 
minute of time, corresponding to any given daily change. 
M. Cerquero prefers taking the Sun's declination for the 



• I am also indebted to Mr. Henderson for the detection of some 
other errors ; and for hi« numerous and valuable suggestions for the 
improvement of the ^ox\^ 
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Diean of the times of the obsenratton: which, although it 
appears more simple, is in fiu^t the same thing. 



Daily 

change 

p 


Change 
in 1 min. 


Daily 

change 


Change 
in 1 min. 


Daily 
change 


Chan^ 
in 1 min. 


Daily 
change 


Chan^ 
in 1 mm. 


1 
1 


0^042 


1 

7 


0^292 


/ 
13 


0^542 


19 


0,'792 


2 


•083 


8 


•333 


U 


•583 


20 


.833 


3 


•125 


9 


•375 


15 


•625 


21 


^ ^875 


A 


•167 


10 


•417 


16 


•667 


22 


•917 


5 


•208 


11 


•458 


17 


•708 


23 


•958 


6 


•250 


12 


•500 


18 


•75a 


24 


1-000 



M. Gauss has suggested another mode. It is well known 
that the sun does not always attain its greatest altitude when 
exactly on the meridian, but (with the exception of the two 
days of the sdlstices) eithei' a little before or a little after that 
moment of time, according to its position in the ecliptic. 
In &ct, it will vary in different countries : and the analy- 
tical expression for the distance (in seconds of time) from 
the true meridian will be 

A = 8 X 15-27924 X ^^i^-^) 

cosLf.cosD 

the characters denoting the same quantities as in For- 
mula XIX, page 93, above alluded to *. Now M. Gauss 
proposes that the observations should be reduced, not to 
the true meridian, but to the time of the sun's greatest 
altitude. The value of A has therefore been computed and 



* See Bohnenberger^t Anleiiung zur geographiscen Ori^betHmmung, 
page 275 ; where this subject is treated with all the accuracy and minute* 
ness which dutinguishes that excellent work. 

2 N 2 
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published by M • Schumacher for every tenth day of Ae 
year, and for every degree of latitude frdm 86^ to 60^ both 
inclusive. Consequently all that is required in this plan is 
to apply the value of A to the time of the sun's meridian 
passage, and to reduce the observations to the time shown 
by the sum of th^se values, instead of the time of the me- 
ridional passage. This method is certainly very ingenious 
and simple, but it appears to be slightly incorrect^ as 
Dr. Tiarks has shown in the Phil. Mag. for September 
1828, page 182. 

Nautical Almanac* 

There is probably nothing that contributes so much to 
the progress and improvement of astronomy, — nothing that 
tends in so great a degree to keep alive' a spirit of enquiry 
and research in this science, — as the annual publication of 
a correct and comprehensive Ephemeris; containing, in a 
concise and tabulated form, all the motions of all the hea- 
venly bodies, computed from the best elements that can be 
obtained. It was this feeling which induced the Govern- 
ment of this country in 1765 to establish the Nautical Al- 
manac, and to cause it to be published under its own au- 
thority : the good e£Pects of a similarly authorized national 
Ephemeris having been experienced in several of the neigh- 
bouring states. The work was consequently placed, by a 
special act of parliament, under the direction of the Board 
of Longitude, then recently established, and the first volume 
appeared in the year 1767. 

In the infancy of the science (for the pt-esent system of 
astronomy is of no very ancient date) the public were satisfied 

* Some of the points alluded to in this article were arranged in the 
shape of a letter, and inserted in the Times newspaper of Nov. 19, lS2Si 
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with the meagre details thus given in the Nautical Almanac : 
a work which was perhaps sufficiently well adapted to the 
wants of astronomers at the time of its establishment, but 
which falls far short of what is now required. New discos 
veries and new modes of observing — a more refined analysis 
and more improved instruments — have given rise to new 
wants and to new claims : so that what might be well suited 
to the last century is no longer tolerable in the present one. 
Many of the states on the continent have long seen this, and 
have improved their national ephemeris accordingly : and 
this improvement has most unaccountably been in the in- 
verse ratio of their interest in navigation and nautical astro- 
nomy, which it is said these publications were originally 
and principally intended to promote *• Indeed, it has been 
pertinaciously maintained by some persons, that the Nauti-> 
cal Almanac was originally established and is now continued 
for this sole purpose : whilst others consider that it ought 
to partake more fiilly of (what its title imports) an astrono* 
mical ephemeris. But it will not be difficult to show that 
it is not ads^ted either for one or the other (at least to 
that extent which the present state either of navigation or 
astronomy demands) : and that it is a constant charge upon 
the nation, without any equivalent advantage to science* 

That it is not intended solely for the navigator is evident 
from an inspection of its contents. For, of what use are the 
eclipses of Jupiter's satellites to the sailor ? How is he 
benefited by knowing the places of Mercury, and the 
Georgium Sidus ; planets which are seldom seen even on 
shore ? What does he want of the apparent places of sixty 
principal stars ? And as to the positions of the Sun and 



* Witness the ephemierides of Coirabra, Berlin, and {prok pudor f) 
Milan. 
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Moon, if diey are'r^uired merely to work out a luttor (m 
it is technicdly calied)^ or t6 determine the latitade^ a much 
more' concise form niight be adopted. So that the most 
ample demands of the mere nattigcttar (ii^om the humble 
skipper to the nobk admiral) might be supplied froB» die 
Nautical Almanac in ti sixpenny pamphlet* - - 

f But if it is intended scieh/ for navigation^ or if its object 
beibe promotion of dav^ation atcdl^ surely it ou^ttocoiH 
(sin aU the requisite facilities for determining the probleiM 
iiecessaiy at sea« Why then are the distances of the moon 
from Utie planets omitted ? and why da we not see a list of all 
the occtdtatians that will occur? The^hemerisof Goimbra 
faitSy for many years past^ contained the lunar distances of 
the planets. *and many of the occiiltations: and the Mttie 
state of Deniliark (so great however in works of science)^ 
weU knowing the importance of the subject, annually piib^ 
Kshes tt similar list of such distances, together with thepcK 
sitioct of d[ie planets for every day in the year, at the Hy*^ 
drbgrapher^s dffice at Copenhagen. As to occultations of 
the fixed ^tars by the moon, it has now been long disbo* 
vered that they may be observed with a comtnon telescofie 
ai sea (even from the unsteady deck of a vessel)^ down to 
the sixth magnitude ; as may be easily verified by toy oiif 
that will take the pains to look out for them. They ai« 
the most perfect of all lunar distances : and it is sufficiently 
well known that they afford the best means of determining 
the longitude. 

Again, if the Nautical Almanac really has the advance* 
ment of navigation in view, why does it not contain a more 
enlarged ephemeris of the places of the four principal 
planets (Venus, Mars, Jupiter, and Saturn) for every day 
in the year, instead of the almost useless summary which 
it now exhibits : so that their accurate positions may be as 
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ready for immediate use, when required, as those of the 
Sun an(l Moon ? For these stars (and particularly Venus) 
can frequently be seen in broad daylight, and their altitudes 
consequently taken on the meridian when un&vourable 
circumstances prevent an observation of the sun or moon.: 
an instance of which lately occurred in one of the American 
packets, where an observation of Venus on the meridian 
(soon after the passage of the sun,, which was unfortunately • 
obscured at the time) was the means of determining the 
latitude of the ship. An ephemeris, pretending to be fox 
the- use of nautical men, should contain every thing that 
can at all diminish the labour of computation at sea, or 
that will at all tend to help an enlightened sailor in puri 
suing his adventurous and doubtful path across the track-t 
less ocean. He is frequ^itly placed in situations of gresit 
difficulty, -where every means, that can be made available 
for relieving him, ought to be ready at hand. It is but a 
small return we make to him for the perils he encounters. . 
But, if the Nautical Almanac does not contain all that is 
requisite for the na*qigator^ how much less does it supply 
the wants of the astronomer; and how vain are its.preten-* 
8i<ms to the title of an Astronornical JSphemeris. It will 
perhaps be scarcely credible to future ages,, that for a period 
of thirty years after the discovery ofjimr new planets in 
our system, not the least notice whatever was taken of. any 
one of them, in a work pretending to show the motions of 
the celestial bodies : so that no astronomer could ever tell 
in what part of the heavens to look for them, or make any 
observations to perfect their theory. And as to any know- 
ledge he could obtain of them, they might as well be blotted 
out of the creation. It has been said, in excuse, that there 
are no accurate tables of their motions; still, imperfect 
tables are better than none at all, and it is so much the 
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more necessary to get them observed. Besides, I much 
doubt whether the tables of the moon and many (^ the 
planets were more correct, at the commencement of the 
Nautical Almanac, than the tables of the minor planets are 
at the present day. And it is fortunate for us that the 
same paltry and miserable excuse was not allowed to sue-* 
ceed in those times *. It is well known that it does not 
contain all, nor nearly all, the information that astronomers 
now require : and what it pretends to give, it does not state 
in that simple and correct manner which their uses demand. 
It ought to contain the places of all the planets, and notices 
of cUl such phenomena as the interests of astronomy require 
should be generally observed : and above all should be dis- 
carded altogether the absurd and useless mode of adapting 
the values to apparent times which seems, indeed, to be 
retained for no other purpose than to give the practical 
astronomer the trouble of converting them back again into 
mean solar time before he can make use of them. But, 
these and various other improvements and additions have 
been so fully pointed out and so frequently insisted on by 
others as well as by myself, that it would be useless to 
repeat the subject heref. It is well known that about 
eleven or twelve years ago, the work had got into such 
bad repute that Mr. Croker is represented to have stated in 
the House of Commons that " it was become a bye-mord 



• Dr. Maskelyne did not reason in this manner when the Geor^um 
Sidus was discovered. The place of that planet is regularly given. 

t See Mr. South's Practical ObtervatioTu on the NatUical Almanac ; 

and my Hemarht on the present defective state of the Nautical Ahnaniic: 

both published in 1822. This latter pamphlet was written as an Answer 

to some Remarks published in Brande's Journal of Science, wherein the 

wnter attempted to vindicate the present 'state of the Nautical Al- 
manac. 
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amongst the literati of Europe:'^ and a n^w (ahd nitiier 
expensive) Board of Longitude was consequently esta-^ 
blished, tinder whose auspices and direction the Nautical 
Almanac was in future to appear: it being anticipated 
that this additional expense would be attended with equi- 
valent advantages. But the event has disappointed all otir 
expectations : and Mr. CrOker, after a trial of ten years, 
finding his new Board of Longitude of little or no use in 
promoting the objects for which it was instituted, brought 
in a bill (during the last session of Parliament) for its dis^ 
solution : and it now ceases to exist. 

During the period, however, that the Nautical Almanac 
Was under the direction of the late Board of Longitude, 
the defective state of that national work was frequently 
brought before them, not only by private individuals, but 
also by the Council of the Royal Society ; and the pro* 
posed improvements were supported by the active and 
scientific members of that Board. But, unfortunately, 
whenever that learned body wds assembled together to 
discuss these matters, some invisible and Bceotian influence 
was sure to paralyze all their proceedings ; so that little or 
no permanent benefit has yet resulted from their efibrts. 
And thus it ever will be with so heterogeneous a body as 
that which composed this assemblage of persons. Th^ 
dissolution oi such a Board was "devoutly to be wished." 

It is true that some slight attempts (like angels' visits^ 
*' short and far between'*) were occasionally made at imr 
provement ; as it was impossible for the Board to shut 
their ears altogether to the universal complaints that were 
made. And it is probable, that to the active interference 
of some of the more scientific members we are to attribute 
the two recent Supplements to the Nautical Almanac, for 
1828 and 1829; the Almanacs for those years having beeii 

2 o 
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preriously published. It is now rumoured, however, tfiat 
«ince the abolition of the Board, these Supplements are to 
be discontinued : and there seems to^ be some ground for 
the suspicion, when we see the Nautical Almanacs for 1H30 
and 1831 subsequently appear without their expected ap^ 
pendages : for, surely it never could be intended that the 
Supplement should be constantly two years in arrear of the 
original work. The plain course would have been (whether 
any further improvements be intended, or not) to have in- 
corporated them together, for the convenience of those who 
consult them. But, much more than what has been here 
done is required at the present day. For, so rapid have 
been the strides, within these few years, both in practical 
and theoretical astronomy, that nothing short of a re* 
modelling of the whole work, adapted to the present im- 
proved state of the science, will satisfy the increased and ii>- 
creasing demands of the modern astronomer. 

Whatever may be the future intentions of the Govern- 
ment, however, it must be evident to the most common 
observer that the alterations and improvements here sug- 
gested would not be altogether for the benefit of astronomy 
alone, since they bear very powerfully on navigation also. 
Many voyages of discovery and scientific research have 
lately been made, and many are still in a state of progress, 
conducted by men of high scientific attainments, who are 
an honour to the country that employs them, and who 
have the proud and enviable satisfaction of knowing that, 
after having triumphed in war, they can also serve her in 
the no less brilliant walks of peace. In fact, there probably 
never was a period when the Royal Navy of Great Britain 
could boast of so many ofiicers so devoted to science, and 
so proud of promoting its objects. Many of these, / knatD^ 
lament the present defective state of the Nautical Almanac, 
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and the necessity of referring to foreign ephemerides for 
what ought to be contained in our own ^. Surely it is of 
some importance to foster and keep alive this laudable 
spirit in our nt^yy, and %o afford them every ineajQS: for 
multiplying observations, which in many cases may be ab- 
solutely necessary for the safety of their vessels ; and which, 
at all events, must inevitably tend to the promotion not 
only of astronomy but also of geography, hydrography, and 
navigation.' 

Besides, it frequently happens that, during these expe- 
ditions, a temporary landing is made at places either wholly 
uninhabited, or whose positions are but very badly deter- 
mined. It is therefore desirable that every facility should 
be given for obtaining the longitude and latitude of such 
places in the most expeditious and correct manner ; other- 
wise one great object of the voyage is lost : and the more 
these means are multiplied, the more likely are we to ob- 
tain a favourable result to our enquiries. 

This subject in fact is of so much importance in a na* 
tional point of view, whether we consider it in its relatipu 
to the safety of our navy or the scientific honour of the 
country, that I trust the subject will attract the particulfuc 
and serious attention of the Government. Indeed, it might 
be a fit subject of enquiry, in either House of Parliamentir 



* Witness the remarkable fact mentioned by Mr. South, that Capt. 
Smyth (whilst employed by the Admiralty in surveying the coasts in the 
Mediterranean) was obliged to refer to foreign ephemerides for informa- 
tion which was not to be found in the Nautical Almanac. To which 
may be added, that when the Expedition to the North Pole sailed in- 
1824^ a Society furnished Capt. Parry with their copy of the moon" 
culminaHng stars (published by the Danish Goyemment) for the punpose 
of making observations for more efl^ctually determining the longitude 
of such places as he might visit in his adventurous voyage. 

2 O 2 
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whether the funds appropriated (from the ptMic purse) to-* 
wards the formation and superintendance of the Nautica] 
Almanac might not be made more eSTective than they now 
are : whether a much better work, at a much less expense, 
might not be produced : and whether in fact it might not 
even be made a source of revenue. 'Hie annual sale of the 
Nautical Almanac is about 7000 : but the combined sale 
of all the other almanacs is nearly a MILLION copies : 
and many of these (risum teneatis) are not much inferior to 
^Q present state of the Nautical Almanac. It is, I fear, too 
generally supposed that those popular works are composed 
by men who live in garrets, and who pander to the ridicu- 
lous follies and absurd prejudices of the vulgar. This 
however is not the fact. The superintendants of some of 
those almanacs are men of high character and superior at- 
tainments; who are not only desirous of improving the 
works placed under their direction, by introducing therein 
a variety of new scientific and astronomfcal subjects, but 
also of removing the rubbish which annually dis^ures 
some of their volumes. But they have the insuperable pre- 
judices of the vulgar to encounter : and after an ineffectual 
attempt at such a reformation, they have been obliged to 
abandon it for the present, or, at least, to satisfy themselves 
with a gradual improvement *. Nevertheless the competition 
between these annual productions is so great, that each is 



* About nine or ten years ago the editors of Moore's Almanac b^an 
thb attempt by discarding the monthly column containing the moon's 
supposed influence on the several members of the human body ; and, 
as an experiment, to ascertain the feeling of the public on the occasion^ 
printed at first only one hundred thousand copies. But the omission 
was soon detected, and nearly the whole edition was returned on their 
hands, and they were obliged to reprint the favourite column. The 
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i^triving for improvement, and I believe with as much effect 
as the disadvantages, under which they labour, will allow. 
Even in their present state, however, I consider soipe of 
these works (and particularly Whites Ephemeris) as supe- 
rior, in many respects, to the Nautical Almanac: since 
they contain much information which our boasted national 
work does not (and will not) afford : and in some of them it 
is, moreover, proposed to insert, in the next and subsequent 
volumes, the places of the four new planets ! I ! 

I may be told, perhaps, that all these works are indebted 
to the Nautical Almanac for a great portion of the astrono- 
mical information they contain. This may be partly true : 
but it is also equally true that they contain much that is 
not (but ought to be) in the Nautical Almanac. And I am 
assured that the superintendant of Whites Ephemeris has 
long laid it down as a practical maxim never to take for 
granted any thing which he meets with in the Nautical 
Almanac. His first step is to collate most cautiously the 
Nautical Almanac, with the Connaissance des tems and 
the Berlin and Coimbra ephemerides, as well as with other 
similar continental publications when he can procure them : 
and, in every case of serious discrepancy to institute an 
independent computation. This is the proper mode of pro- 
ceeding, in order to insure accuracy : and I think there is. 
no doubt but that the Stationers' Company (or some other 
respectable body) would also gladly undertake the compu- 
tation and printing of the Nautical Almanac (provided the 
copyright were secured to them) not only Jree of every eapense 



total annml sale of this work by the Stationers' Company is nearly half 
a million copies ; besides pirated editions of about one hundred thousand 
copies ; and two reprints of it in France,— one at Boulogne and the other 
at Paris!! I 
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to Oovemment, but even subject to the stamp duty, from 
which it is at present exjempt Let it but fairly enter into 
equal competition with other productions of a similar na* 
ture^ and we should in all probability have a work of a much 
superior kind to the present one, the number of its copies 
Would be increased, and instead of being an unnecessary 
and useless expense (and a disgrace to the nation), it might 
thus become a source of annual income, and a means of un*> 
proving the. science of astronomy. If the Nautical Almanac 
wer^ made what it ought to be, and such as the situation of 
this country demands, there is no doubt but that its sale 
might be considerably ;tncreased. It is known that the 
American booksellers (who reprint that work in the United 
States) correspond with the German astronomers for the 
supply of additional ipatter, to be inserted in the annual 
volumes. And what is the consequence? One bookseller 
alone (and there are several who repaint the work) sells 
upwards of twelve thousand copies ! I believe the total sale 
pf the Nautical Almanac, in this country, never amounted 
to seven thousand copies. 

Hitherto I have said nothing of the accuracy of the Nau-. 
tical Almanac ; and, as far as arithmetical calculation goes, 
I am ready to accede to the computers their due meed of 
praii^e for diligence and attention. But, there is an atten- 
tion of a much superior kind required, in order ^^ to attain 
" the highest possible degree of accuracy *,'* (and belong- 
ing rather to the directors of the Nautical Almanac than 
to the computers^) which I am not .so readily disposed to 
gr^nt. I allude not only to the choice of the Tables from 
which those computations are made, arid to the corrections 

* See the annual Advertisement prefixed to all the late Nautical 
Almanacs. 



Appendix. 287 

which ought from time to time to be applied, even to the 
bei^ tables, in order to adapt them to the improving state 
of the science; but also to the communication of that inform 
mation to those who consult the work. This plan was 
rigidly pursued by the late Dr. Maskelyne, when the Nau- 
tical Almanac was under his superintendence; the best 
tables were constantly sought after aiid adopted; and ac^ 
ditional equations were supplied whenever subsequent in- 
vestigations warranted such a measure. A minute account 
of the changes thus made, and incorporated with the com- 
putations, *ix)as always given in the Preface to each almanac. 
Such was the conduct of the practical superimendant ; who 
well knew the use of instruments^ and the true value and 
application of correct and convenient tables; and who em- 
ployed his splendid abilities in aiding the enquiries not 
only of the astronomer, but also of the seaman^ in every 
branch of the science : bearing in mind the well known 
apophthegm of Bacon, that "knowledge is power,** and that 
it furnishes us with an increasing fund, on which we may at 
any time draw, in case of need. And who, moreover, was 
not paid for this branch of his labours. 

Let us now see whether we bettered our condition when 
it was placed in other hands, and under a new direction: 
and subject, moreover, to a charge of £SQO a-year for its 
superintendance*. I fear not: — for, at the very threshold 



• I wish it to be understood that I have no personal allusions in view, 
in any part of these remarks : it is the system only which I attack, with- 
out reference to the individuals, who stand too high, both in character 
and abilities, to be afiected by any observations that I may make. By 
the act of Parliament, constituting the late Board of Longitude, it was 
declared to be " highly expedient to the interests of navigeUion, and the 
" honour of the country y that the Nautical Almanac should be accurately 
" computed, compared, and published," and ** that some person of com- 
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of our enquiries we find all hopes of improvement withered 
in the bud ; since we are gravely told, year after year, in 
the Advertisement prefixed to the Nautical Almanac, that 
as far as the existing tables- of the ^^ sun and moon have 
<<been examined, they appear to be already stifflciently ac- 
** curate for evert/ purpose of practical astronomy." Why, 
so far from this being the case, there is not one purpose of 
practical astronomy for which the tables of the sun (setting 
aside those of the moon) are ^' sufiiciently accurate:" and 
if the directors of the Nautical Almanac had ever conde- 
scended to look through a transit instrument (even of ordi- 
nary construction), they would readily have been convinced 
of the fact ; and would soon have learned that they are not 
^* sufficiently accurate" even to regulate a common chrono- 
meter. Indeed, the truth itself is tacitly acknowledged in 
the Supplement for 1829, where they have inserted Pro- 
fessor Airy's table of corrections of the solar tables for every 
fifth day ()f the year, from the recent investigations of that 
profound mathematician: thus virtually contradicting the 
bold assertion which they had so incautiously and so re<* 
peatedly made. 

As to the tables of the planetary motions which have been 



'* petent skill and ability should be nominated by the Admiralty for su- 
" perintending, under the direction of the said Board in general, and 
** the Astronomer Royal in particular, the due and correct publication of 
" the Nautical Almanac." Under this triple responsibility the work has 
hitherto been, year after year, smuggled into the world, like an illegiti- 
mate child, without much regard either to the interests of navigation or 
the honour of the countri/ ; and each party has consequently been ashamed 
to own their offspring. It is now rumoured, however, that a new ar- 
rangement is about to be made : and, if so, it may be a fit subject of en- 
quiry in the House of Commons whether that arrangement is likely to. 
tend to a better result than the last. 
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employed, they are said to be ^^ chiefly those which are 
" printed in the third volume of Professor Vince's Astro- 
" nomy, with the omission only of some eqtuitions which do 
" not materially affect the results." But, why this ambi- 
guity and mystery ? Do not the directors know precisely 
Hihich planets have been computed from Vince's tables, and 
which not ? And what equations have been retained and 
which rejected? And why are we not to be made acquainted 
with the fact ? It is well known that M. Bouvard has pub«> 
lished tables of Jupiter, Saturn, and Uranus, much more 
recent than those of Vince : and yet no allusion whatever 
is made to these tables ; nor is it known whether any of 
them have ever been placed in the hands of the computers. 
Besides, who can doubt the propriety and even the necessity 
of stating distinctly the tables and authorities depended on 
in every calculation in the Nautical Almanac : and that, not 
loosely, but with express notice of any equations omitted \n 
their use, and the corrections made in them. Not to do this 
is not only to deprive ourselves of the valuable consequences 
which could not but result from a repetition and verification 
of the calculations by other persons, who (from a pecul^r 
turn of mind) delight in such computations, but likewise to 
destroy all confidence which such unreserved publicity is 
calculated to inspire. As to the positions of the planets 
however, as inserted in the Nautical Almanac, they are 
given in such a rough manner (to the nearest minute in 
time only) and for such long intervals, that '^ for any pur-* 
**pose of practical astronomy," they might just as well have 
been computed from the Tables of Halley, or even the 
Rudolphine Tables of the sixteenth century. 

The public indeed were, at one tim^ led to imagine that 
the lunar distancesjrom the planets were about to be inserted 
in the Nautical Almanac : as they were repeatedly told in 

2p 
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the Preface to that work, that " whether any advantage 
** woyld be gained from the insertion of the moon's distance 
" from Jupiter, must depend on the precision of the tables 
« of that planet [whose tables? Vince's or Bouvard's?]: a 
" point which is expected to be very shortly determined from 
" the most accurate observations^ But, this expectation^ like 
that of the Mountain in labour, terminated in a much more 
ridiculous way. For after amusing the public, for seven 
yearSf with this idle tale, the printer appears to have been 
ordered to erase the paragraph silently from the Adver- 
tisement; and thus vanished all at once every trace of the 
" short expectancy," the " accurate observations," and the 
<^ precision of the tables i" so that even the mouse did not 
appear to give a colour to this septennial parturition *. 

It perhaps will hardly be credited that M. Schumacher, 
a few years ago, offered his lunar distances from the planets 
(which are published by the Danish Government) to the 
late Board of Longitude, for circulation with the Nautical 
Almanac: proposing to put the titles of the columns in 
English, and simply requiring that the Board should pay 
for the paper and printing. Btit they declined the offer U! 
If I were disposed to swell this list of complaints, I might 



* The Board of Admiralty, like the late Board of Longitude (for the 
Supplement for 18^ has come out under their authority), still 
" Keep the word of promise to our ear, 
" And break it in our hope :" 
for, in the Advertisement to that volume we find that the parallaxes and 
logarithmic distances of the principal planets are given, because " the 
navigator may have occasion to employ them in the determination of 
his longitude by their observed distances from the moon, should that me- 
*' thod be found sufficiently exact to be relied on." That is, these values 
are given now, in order to be used at the end of another official gesta- 
tion of seven years. 
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enter into a number of minute inaccuracies that ought not 
to appear in a work of this kind, on which so much money 
is annually wasted : such as marking invisible occultations 
and eclipses, as if they were visible^ and vice versa : — giving 
the mean places of the stars, in one part of the work, dif- 
Jerent from what they are in another part :— inserting new 
tables without any explanation of their use and applica- 
tion :— omitting in leap year the 29th of February in the 
apparent places of the stars : — stating the mean places of 
the stars to be " deduced from the latest observations that 
<* have been made up to the present time," although the 
very next line informs us that " from some late observations 
<^ [i. e. later than the latest] there is reason to conclude 
<^ that the right ascensions should be diminished one-tenth 
** of a second :" — with other things of a like kind ; which, 
although they may appear trifling to the general reader, 
or to the " mere navigator," show great inattention to the 
arrangement of the work, and destroy that confidence and 
authority to which it ought to be entitled amongst astrono- 
mers, as published under the direction and sanction of the 
Government 

But I shall not pursue any further this tiresome and dis- 
gusting appeal : — an appeal which has been so repeatedly 
urged by others, as well as by myself, to so little purpose. 
Long and l(yud have been the complaints ; and enough has 
been said to show the necessity of a reformation, if there 
existed a disposition to adopt it. But this country, once 
so distinguished in the science of astronomy, so celebrated 
for its artists and the superiority of their instruments, and 
at the same time so jealous of the productions and claims 
of others, now views with apathy (as far, at least, as the 
Government is concerned) the rapid advances that are 
making in the neighbouring states; and which have al- 

2 p 2 
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arranged in an entirely new manner, computed on an en- 
tirely new principle, and every way adapted to the present 
advanced state of this important science. 

It will be recollected that, for the last fifty years, the 
celebrated Professor Bode conducted the Berlin ephemeris, 
under the title of the Astronomische Jahrbtich^ with great 
credit to himself^ and with great advantage to astronomy. 
This work, inferior to none on the subject, contained an- 
nually a vast variety of valuable information, which would 
probably have perished, had it not been for the interest and 
zeal which Bode took in every thing regarding astronomy 
Yet, notwithstanding the rapid strides which the science 
has made on the continent, little or no alteration was made 
in the usual columns of this publication during Bode's life- 
time : but, on his death, M. Encke, who has been appoint- 
ed to succeed him, determined on re-modelling the work 
altogether, and on adapting it to the increased and in- 
creasing demands of the astronomer. With this view he 
has abandoned the plan of publishing the voluminous Ap- 
pendix thereto, which has generally been filled with matter 
that more prc^rly belongs to a periodical journal; and 
which will now be transferred to the pages of Professor 
Schumacher's very valuable Astronomische Nachrichteti: 
whilst the monthly columns of the Ephemeris will be con- 
sequently enlarged without any additional expense to the 
reader. On the other hand. Professor Schumacher will in 
future discontinue his annual Hiilfstafeln; which will hence- 
forth form part of M. Encke's work above alluded to. This 
mutual exchange and arrangement, which commences with 
the present volume for 1 830, will be highly advantageous 
and convenient to the practical astronomer; who will thus 
have, in one volume, all the daily information he requires 
for the use of his observatory. 
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One principal and great improvement in this ephemeris 
is the introduction cXmean solar time into all the computa- 
tions,. instead of fli?pflrr^^ time, as hitherto adopted in every 
other ephemeris, except it be that of Coimbra. The articles 
in the ephemeris are also much better arranged : and the 
computations are more extensive, and carried to a muck 
greater degree of minuteness^ than has hitherto been done in 
any other similar work. Many new subjects are likewise 
mtroduced : such as the places of the four new planets — a 
list of occuUations — ^^a list of moon~culminating s^ars— and a 
variety of other important and convenient tables which are 
of constant use to the practical astronomer. This however 
will be more fiilly seen, by a more minute description of the 
work in question, which is as follows. 

The ephemeris of the Sun is, for each month, divided into 
two pages ; one of which is devoted to apparent noon, and 
the other to mean noon. The former page contains, be- 
sides the days of the month and the days of the week, the 
mean time (to two places of decimals in the seconds), the 
right ascension of the sun (to two places of decimals), and 
its declination (to one place of decimals), together with the 
equation of time (to two places of decimals), and the loga- 
rithm of the double daily variation in the declination, — a 
quantity extremely useful in determining the time from 
altitudes of the sun. The latter page contains the right 
ascension of the meridian (to two places of decimals), the 
longitude of the sun (to one place of decimals), its latitude 
(to two places of decimals), the logarithm of the radius 
vector (to seven places of decimals), and the semi-diameter 
of the sun (to two places of decimals) ; together with, not 
only the days of the month, but likewise the number of 
days elapsed from the commencement of the year. 

The ephemeris of the Moon is also divided into two 
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parts; but as the computations are made for every twelve 
hours, each month occupies four pages. These contain the 
moon's longitude, latitude, right-ascension, declination, pa-> 
rallax, and semi-diameter, (each to one place of decimals,) 
for mean noon, and mean midnight There is also given 
the mean time of the moon's upper and lonxtey- culmination, 
(to the tenth of a minute in time), as well as her right ascen- 
sion and declination (to the tenth of a minute in space) ; 
together with the time of her rising and setting, the time 
of her changes, and the time when she is in perigee or 
apogee. 

At the end of this joint ephemeris of the sun and moon, 
there is given for every tenth day of the year, the apparent 
obliquity of the ecliptic, the parallax of the sun, the aber- 
ration, and the equation of the equinoctial points (each to 
two places of decimals); together with the place of the 
moon's node (to the nearest tenth of a minute). 

Then follows an ephemeris of each of the Planets^ in- 
cluding the four newly discovered ones. The places of 
Mercury and Venus are computed for mean time at noon 
for every second day, and the remaining planets for mean 
time at midnight for eyery Jburth day of the year. The 
columns contain the heliocentric longitude and latitude of 
the seven principal planets (to one place of decimals in the 
seconds), the geocentric right ascension (to two places of 
decimals), and the geocentric declination (to one place of 
decimals) ; the radius vector, and the logarithm of the dis- 
tance from the earth (each to seven places of decimals) ; 
together with the time of their rising, setting, and passing 
the meridian. The computations of the four newly dis- 
covered planets are not so minute, except at the time of 
their opposition ; for which period a separate ephemeris is 
given of the position of the planet for every day. 



296 Appendix. 

We have next an ephemeris of the time of the eclipses 
of Jupiter's satellites (to one place of decimals); to which is 
subjoined (for each satellite) a table for computing with the 
greatest accuracy, not only the configurations at any mo- 
ment, but also the position of the satellite with respect to 
Jupiter at the time of its immersion or emersion. At the 
end of these tables, we are presented with another epheme* 
ris (computed for every fortieth day) of the apparent posi- 
^on and magnitude of Saturn's ring. 

After this comes a table of the mean places (for 1830) of 
45 principal stars ; the right ascensions to three places of 
decimals, and the declinations to two places of decimals. 
From these are computed and given for every tenth day 
of the year, the apparent places of the same stars (to two 
places of decimals), with their differences. And we have 
also the apparent places, for every day in the year, of 
a and I Ursa Minoris. To the whole of which are annex- 
ed formulas for determining the amount of the diurnal 
aberration. Following these is given a table of the con- 
stants A, B, C, D, for every tenth day of the year, for the 
purpose of determining the apparent places of any other 
stars. It should however be remarked, that these letters 
do not indicate precisely the same quantities as are so de- 
signated in the catalogue of the Astronomical Society : and 
it should also be noted, that the numbers are adapted to 
sidereal time. There is however another table subjoined, 
for the use of those who are disposed to adopt mean solar 
time in these computations. 

Next follows a particular account of all the solar and 
lunar Eclipses that will happen in the course of the year ; 
together with all the necessary elements for computing 
them. This is followed by three pages of the principal 
phenomena, of the planets : such as the time of their perigee 
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oi" apogee^ their perihelion or aphelion, their greatest elon-* 
gation, their greatest latitude, their conjunction and oppcH 
sition, their passing the nodes, their greatest brilliancy, 
their proximity to the moon, and occultation thereby, &c* 

Then fWlows a list of moon^culminating sfars^ occupying 
seventeen pages ; and (which is equally valuable) a list of 
the occnltations of all the stars down to the 7th magnitude 
inclusive, that will take place in the course of the year | 
wherein the mean time 6f the immersioil and einei^sion of 
the star (to the nearest tenth of a minute) iis given, as well 
as the angle from the vertex of the mooti at which the 
phsenomenon will take place* To this list is subjoined 
some auxiliary tables for computing the occultation more 
minutely, if required. 

To the whole is annexed an Appendix, giving an account 
of the mode in which all the computations aire made, and 
the tables from which they are derived. By this excellent 
plan, the observer can at any time verify any of the cakii^ 
Iatk>ns^ and detect any error which he may haVe cause to 
suspect. The names of the computtris also are given, which 
must materially tend to insure the accutacy of the work. 

Such is the substance of the publication here alluded toy 
which has just reached this country, and which does so much 
credit to its distinguished conductor. It sshould be hailed 
a& the harbinger of a general improvement in the mode of 
an'anging and forming the ephemerides of difibreUt hationk 
And although it is mortifying to reflect thiLt this coU^ti^ 
Cannot (or will not) maintain its pre-eminence in these aiid 
other scientific subjects, yet we should be grateful for iufblv 
mation wherever it can be found, and hope that we may be 
able eventually to emulate the splendid example i^hich bAs 
thus been set u^. M. Encke, disdaining the trammels of 
former and less enlightened times, and relying on his owfi 

2Q 
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excellent judgement and abilities, bos nobly and boldly 
struck out a new path for himself^ which there can be no 
doubt will soon be followed by every nation pretending to 
encourage the science of astronomy. 

Indeed the present work may be considered as forming 
a new sera in the science; and something might now be 
done to place astronomy (as it ought to be) on a better 
footing in this country. And since oeconomy is the order 
of the day, and has in fact been publicly declared to be 
one of the causes of the dissolution of the late Board of 
Longitude, why should we not follow up that system, by 
getting rid also of the whole of the expense incurred in 
forming the Natdical Almanac. This work is sold in the 
shops at Jive shillings s and it is said that the publisher is 
allowed sixpence for every copy that is sold. This, I am 
aware, is a less profit than usual for publications in gene- 
ral: but here the publisher runs no risk, and incurs no 
expense, or even ^outlay of money : I believe he does not 
even advertise the work. Let us suppose^ however, that 
he is allowed a shilling for every copy: there will then 
remain four shillings for each copy, as a return to Govern- 
ment towards defraying the cost and charges on the work. 
This will raise (supposing the whole 7000 copies to be 
sold) the sum of j£1400. The charge of printing and 
paper (even in the present expensive way in which it is got 
up) cannot amount to so much as j£600 : and there would 
then be left a sum of upwards of j^800 to defray the charge 
for computations ; which I presume does not amount to any 
thing like that sum. 

But, by a little attention to oeconomy in paper and print- 
ing, and by a great deal of improvement in the work itself, 
I have no doubt the sale might be increased to ten, or even 
twenty thousand copies : in which case, the prqfit would be 
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manifest and considerable. Ai^d if the computers of the 
Berlin Ephemeris could be induced, for an adequate re- 
muneration, to adapt their calculations to the meridian of 
Greenwich, when they are computing their own ephemeris, 
a further and very considerable portion of the charge which 
now attaches to the Nautical Almanac would be saved: 
and we might thus have an excellent work, at a very mode- 
rate expense, which would be both a saving and an advan- 
tage to the nation. 
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Page Line 

18 22 The quantity of the precession there stated is taken 
from Laplace : it will be found to differ from that 
deduced by M. Bessel, as given in page 104. 

39 29 for -0011 read -Oil. 

46 13 for 6793-39108 read 6798-279. 

52 against 1833 for 0*36 read 9-36. 

67 last line but one for 2S, 12, read 25* 12* 0". 

87 17 after "Latitude" add "(mmtM when South):" and at 

the bottom add the following note : viz. The Longi- 
tude and Right Ascension will always be in the same 
quadrant, unless (a + t'O exceeds 90°: in which case 

if L is in the-s V quadrant, 

M is in the-s ^quadrant: 

and vice versa* 

88 6, 7 and 8 for (A — V) read (A «-» VX and add as a 

note at the bottom of the page " When ^ is greater 
than A, the difference of the segments is equal to A, 
and the sum of them equal to V." See the note to 
page 261. 

89 5 for iR + P read M±F. And add as a note " See 

page 222 and 223." 
— 14 afler Pole, insert "Which must be divided by 15 in 
order to reduce it to time,** 
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Page Line 
93 pasiitn for (L — D) read Z. And add at the bottom 
*< Z = the meridional zenith distance of the star." 
See pages 202 and 228. 

— 12 after clock, dele " which angle will change its sign 

after the meridional passage of the star." 

— 19 and 20 £ and W should be expressed in minutes of 

time considered as integers. 
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95 5 for -f -:-— Thread ^—r.. 

sm 2" sm 2" 

101 5 See the additions to this formula in the Appendix, 

page 273. 

9 for 0",15 read 0",16. 

103 the second differences should be d* cT'. 

11 for (A - 24) read {h - 6). 

104 See the Appendix, pi^e 271. 

108 22 The error in collimation should have been defined 

thus : c ^ the error in collimation, pltts when the 
circle described by the optical axis of the telescope 
falls to the east, and minus when it falls to the 

109 16 for " the second star" read " the most northern star." 

These are not Professor Littrow's words, but it is 
evident that by adopting this language the result 
will lead us to the proper sign to be employed for 
correcting the error in azimuth ; which, as it now 
stands, will be ambiguous. 

110 12 for y = + (+ cot f &c) read y = — (+ cot 9 &c). 

114 at the bottom insert "e = the tabular expansion (for 

1*^ Fahr.) of the metal, of which the pendulum is 
composed." 

115 4 for " Ellipticity " read " Eccentricity." 

131 at the bottom insert " If great accuracy is required, the time 
should be further corrected by — 0",0127 sin2 ]>: 
where J denotes the moon's true longitude." 
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Page Line 

132 1 The title of Table VI would be mote properly thus, 
" for converting intervals of sidereal time into inter- 
" vols of mean solar time." A similar correction may 
be made to Table VII. 

187 16 for 2,993 read 2,933. 

146 3 for -700865 read '700861. 

153 lastlme for " 15'' sin Lat." read "15'' cos Lat." 

172 opposite 5* 10™ for 7-4230 read 7-4530. 

173 last line for 20,94720 read 20,04720. See however the 

Appendix, page 271. 

186 5 for 331 read 332. 

16 for 446 read 447. 

21 for 046 read 047. 

187 9 for 846 read 847. 

200 18 for "when decreasing" read "when the sun is pro- 
ceeding towards the south." 

203 3 add as a note " When r is negative, we must take the 
arithmetical complement of the logarithm denoted 
by -000010053 r." 

207 30 for — J.cos(0 + B — iR)tanD 

read — b , cos (ft -f B — ^R) tan D + c. 

208 3 for — 6.sin(0 + B— iR) 

read — 6.sin(ft + B — iR) 
for "contain" read "express." ' 
for " the iR" read " the M, of the meridian." 
for " the true M of the sun for mean noon " read " the 
" correct M. of the meridian for mean noon, reckoned 
" from the apparent equinox." 
dele " (which is always minus) ". 
The logarithm of the sine of 19° 48' has been erro- 
neously taken instead of the tangent : which slightly 
affects the result. 
228 As a note to this Problem, it may be remarked that the 
observations of altitude ought to be discontinued 
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Fsge Line 

wheh the change of altitude in one second of time 
amounts to one second of space. 

ftS^ 7 and 9 prefix the sign + to the logarithms. 

It may be proper here to state, that it was omitted to be 

mentioned, that in the example for a fixed observa- 
tory the latitude was assumed equal to 50^ 0' 10", 
in order to show that an error even of 10'' in the 
assumed latitude, would not make any di£ference in 
the result. 

242 3 for + -— -? — r read + ^ 



~" 15 cos $ 15 cos I* 

9A.fi R fnr 8 6 400 rp»f1 864 00 

x^o 5 lor -^fr^^ reaa ^^^^^« 

263 14 — 16 this remark belongs to Example 1 : see the erra- 
tum to page 87. 



THE END. 
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